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Executive Summary

This Corrective Action Decision Document (CADD)/Closure Report (CR) was prepared by the
Defense Threat Reduction Agency (DTRA) for Corrective Action Unit (CAU) 476, Area 12
T-Tunnel Muckpile. This CADD/CR is consistent with the requirements of the Federal Facility
Agreement and Consent Order (FFACO) agreed to by the State of Nevada, the U.S. Department
of Energy, and the U.S. Department of Defense. Corrective Action Unit 476 is comprised of one
Corrective Action Site (CAS):

e 12-06-02, Muckpile

The purpose of this CADD/CR is to provide justification and documentation supporting the
recommendation for closure in place with use restrictions for CAU 476. To support this
recommendation, a corrective action investigation (CAI) was performed in April and May 2000.
The purpose of the CAI was to fulfill the following data needs as defined during the Data Quality
Objective (DQO) process:

e Determine whether contaminants of concern (COCs) are present.
e If COCs are present, determine their nature and extent.
e Obtain sufficient information to determine appropriate corrective action.

The CAU 476 dataset from the CAI was evaluated based on the data quality indicator
parameters. This evaluation demonstrated the quality and acceptability of the dataset for use in
fulfilling the DQO data needs (Appendix C of this document).

Analytes detected during the CAI were evaluated against final action levels (FALs) established
in this document. Tier 2 FALS were determined for the hazardous constituents of total
petroleum hydrocarbons (TPH)-diesel-range organics (DRO) and the radionuclide cesium
(Cs)-137. Tier 2 FALs were calculated using site-specific information. The hazardous
constituents of TPH-DRO were compared to the preliminary action levels (PALs) defined in the
Corrective Action Investigation Plan (CAIP), and because none of the individual PALs were
exceeded, the PALs became the FALs and TPH-DRO is not a COC for the CAS. The
radionuclide FALs were calculated using the Residual Radioactive (RESRAD) computer code
(version 6.3) for the occasional reuse scenario. The RESRAD calculation determined the
required activities for all radionuclides based on their relative abundance at the site that together
would sum to an exposure dose of 25 millirem per year to a site receptor. Based on the field

investigation, none of the contaminants were determined to be present at concentrations
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exceeding their corresponding FALs. As specified in the CAIP, Cs-137 and TPH-DRO were
used to determine whether the site was adequately characterized. The analytical results for
Cs-137 and TPH-DRO were entered into the SW-846 formula to determine whether the site had
been characterized to the 90 percent confidence level. Enough samples were collected to
characterize the site with respect to those constituents to the 90 percent confidence level. The

sampling was adequate to define the lateral and vertical extent of Cs-137.

Based on the data and risk evaluations, the DQO data needs presented in the CAIP were met, and
the data accurately represent the radiological and chemical risk present at CAU 476. Based on
the results of the CAI data evaluation, it was determined that closure in place with use
restrictions is the appropriate corrective action for CAU 476 and that use restrictions will
effectively control exposure to future land users. This is based on the fact that even though the
site is contaminated with Cs-137 as described above, this remote, controlled access site poses
only limited risk overall to public health and the environment. Therefore, DTRA provides the

following recommendations:

e Close the Cs-137 in place at CAU 476 with use restriction.
e No further action for CAU 476.

e A Notice of Completion be issued to DTRA by the Nevada Division of Environmental
Protection for closure of CAU 476.

e Move CAU 476 from Appendix III to Appendix IV of the FFACO.

Uncontrolled When Printed



CAU 476 CADD/CR
Section: 1.0
Revision: 0

Date: May 2007
Page 1 of 21

1.0 Introduction

This Corrective Action Decision Document (CADD)/Closure Report (CR) has been prepared for
Corrective Action Unit (CAU) 476, Area 12 T-Tunnel Muckpile. The corrective action proposed
in this document complies with the Federal Facility Agreement and Consent Order (FFACO)
(1996) that was agreed to by the State of Nevada, U.S. Department of Energy (DOE), and the
U.S. Department of Defense (FFACO, 1996).

The T-Tunnel Muckpile is identified under FFACO classification as CAU 476, Area 12
T-Tunnel Muckpile. The CAU consists of one Corrective Action Site (CAS): 12-06-02
(Muckpile). The T-Tunnel Muckpile is located approximately 45 miles north of Mercury in
Area 12 of the Nevada Test Site (NTS) (Figure 1-1).

This CADD/CR describes the corrective action that is selected as a result of the investigation
activities and the rationale for its selection. The rationale consists of a justification for closure in
place with use restrictions in accordance with Sections I[V.8 and IV.11 of the FFACO (1996).

1.1 Purpose

The purpose of this CADD/CR is to provide justification for the closure of CAU 476 with use
restrictions based on the results of the Corrective Action Investigation (CAI). The CAI was
conducted in accordance with the Corrective Action Investigation Plan (CAIP) for Corrective
Action Unit 476: Area 12 T-Tunnel Muckpile, Nevada Test Site (DTRA, 2000), which provides

additional information on the history, planning, and scope of the investigation.

The T-Tunnel was used for six nuclear weapons effects tests and two high explosives tests
between 1970 and 1997. The muckpile contains approximately 500,000 cubic yards of material
consisting of mining debris (rock) generated during excavation of the tunnels and re-entry
excavations following each test. Some construction waste such as steel, wood, cables, grout, and
possibly small amounts of Resource Conservation and Recovery Act (RCRA)-regulated
constituents and radionuclides were also deposited in the muckpile. One percent or less of the
muckpile was expected to be composed of debris generated from re-entry operations

(DNA, 1990). Additional information relating to the site history, planning, and scope of the
investigation is presented in the CAIP (DTRA, 2000).

Uncontrolled When Printed



CAU 476 CADD/CR
Section: 1.0
Revision: 0

Date: May 2007
Page 2 of 21

Figure 1-1
CAU 476 Location Map
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1.2 Scope

Subsequent to approval of the CAIP and completion of the CAI, the Nevada Division of
Environmental Protection (NDEP) approved a risk-based approach for developing final action
levels (FALs) to evaluate contaminant concentrations (Appenzeller-Wing, 2004). That approach
was used to evaluate the potential hazards at CAU 476.

The initial evaluation of the contaminants of potential concern (COPCs) consisted of comparing
individual sample and average concentrations to either the U.S. Environmental Protection
Agency (EPA) Region 9 Preliminary Remediation Goals (PRGs) (EPA, 2004), or background
concentrations as determined from background samples or specific documents that deal with the
subject of background concentrations at the NTS. The new risk-based approach uses the PRGs
and background concentrations as preliminary action levels (PALs). If the individual samples or
average COPC concentrations exceed the PALs, they become contaminants of concern (COCs),
and a risk analysis is conducted for those constituents. For the chemical constituents, the risk is
calculated using the Risk Assessment Information System calculations (ORNL, 2005). For the
radiological constituents, the Residual Radioactive (RESRAD) computer code (Yu, et al., 2001)
is used to calculate the relative risk presented by the COCs.

The scope of this CADD/CR is to justify and recommend that closure in place with use
restrictions is the appropriate action at CAU 476, Area 12 T-Tunnel Muckpile. To achieve this

scope, the following actions were implemented:

e Evaluation of current site conditions, including the nature and extent of COCs.

e Closure in place with use restrictions to prevent exposure of industrial and construction
workers to unacceptable risks.

The data quality objectives (DQOs) identified in the CAIP are as follows:

¢ Determine whether the muckpile contents are hazardous under RCRA, contain total
petroleum hydrocarbons (TPH) contamination at levels exceeding the Nevada
Administrative Code (NAC) limits, or contain radiological contamination exceeding
background levels.

e [fCOCs are present, determine what further action will be needed.

The data quality indicators (DQIs) as defined in the Industrial Sites Quality Assurance Project
Plan (QAPP) (DOE/NV, 1996) were achieved, and the DQOs established in the CAIP were met.
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1.3 CADD/CR Contents

This CADD/CR is divided into the following sections:

e Section 1.0 — Introduction: Summarizes the purpose, scope, and contents of this
CADD/CR.

e Section 2.0 — CAI Summary: Summarizes the investigation field activities, the results of
the investigation, and the DQO assessment.

e Section 3.0 — Recommendation: States why no further action is required.
e Section 4.0 — References: Lists all documents referenced in the CADD/CR.

e Appendix A — Corrective Action Investigation Report for CAU 476, Area 12 T-Tunnel
Muckpile, Nevada Test Site

e Appendix B — Data Quality Objective Process and Methodology
e Appendix C — Data Assessment

e Appendix D — Risk Assessment for CAU 476

e Appendix E — Closure Summary

All work was performed in accordance with the following documents:

e Corrective Action Investigation Plan for Corrective Action Unit 476: Area 12 T-Tunnel
Muckpile, Nevada Test Site, Rev. 0 (DTRA, 2000).

e Industrial Sites Quality Assurance Project Plan, Nevada Test Site, Nevada, Rev. 0
(DOE/NV, 1996)

e Federal Facility Agreement and Consent Order (FFACO, 1996)
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Corrective Action Investigation Summary

The following sections describe and summarize the results of the CAI activities conducted at
CAU 476. For detailed CAI results, refer to Appendix A.

2.1

Investigation Activities

Between April 10 and May 2, 2000, CAI activities were performed at the T-Tunnel Muckpile as
set forth in the CAIP (DTRA, 2000). The purpose of the CAI was to determine whether or not

the T-Tunnel Muckpile and/or the underlying native soils contain COCs and, if so, determine the

extent of the COCs and whether they pose an unacceptable risk to human health and/or the
environment. As outlined in the CAIP (DTRA, 2000), the following tasks were performed:

Background sampling — Three locations were identified and sampled using hand tools.
These samples were analyzed for RCRA metals and radionuclides.

Surface Sampling — Eight locations were selected to characterize the surface/shallow
subsurface of the muckpile (less than 5 feet [ft]). Seven boreholes were drilled to a depth
of 5 ft. A continuous core was extracted from each borehole. Each core was field
screened for volatile organic compounds (VOCs) and radionuclides, and the portion(s) of
the core with the highest field-screening results was collected for laboratory analysis. If
no portion of the core exhibited elevated field-screening results, the interval between

0.5 and 1.5 ft was collected and submitted for laboratory analysis. Because one location
was too close to the edge of the T-Tunnel Muckpile to safely drill, it was excavated by
hand. Nine surface/shallow subsurface samples were collected from these locations and
submitted for VOCs, semivolatile organic compounds (SVOCs), RCRA metals,
TPH-diesel-range organics (DRO), and radionuclide analyses.

Muckpile Contents/Underlying Soils Sampling — Twenty boreholes were drilled to
characterize the subsurface of the muckpile from 5 ft below ground surface to 2 to 5 ft
into the native soil under the muckpile and to determine whether any of the COCs have
migrated into the underlying native soil. The boreholes provided samples for analysis of
the muckpile contents and the native soil beneath the muckpile. A continuous core was
extracted from each borehole and field screened, and 42 samples were submitted for
VOC, SVOC, RCRA metals, TPH-DRO, and radionuclide analyses. One sample was
collected at the bottom of each borehole to represent the native materials beneath the
muckpile, and 20 samples were collected at random depths to represent the muckpile
contents.

The conceptual site model (CSM) postulated that the majority of the muckpile does not contain

COPCs (less than 1 percent), and if any COPCs are present, they are probably located in isolated

locations and not present throughout the muck. The areas most likely to be affected are the areas
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where petroleum compounds were used for equipment maintenance activities, possibly resulting
in releases to the surface and shallow subsurface soils. The potential also exists for the presence
of radionuclides in the muckpile as a result of disposal of re-entry material from the tunnel.
These releases, if present, were anticipated to have limited lateral and vertical extent. The CSM
also stated that it is possible, but unlikely, that the native soil beneath the muckpile has been
impacted by downward migration of COPCs. The results of the CAI showed that there is
localized contamination with radionuclides in the T-Tunnel Muckpile. The CAI also
demonstrated that no contaminants are leaching into the native materials below the muckpile.
Based on these facts, the CSM was shown to be valid.

2.2 Results

The following is a summary of the data obtained during the CAI.

221 Summary of Analytical Data

The CAI analytical results (Appendix A) indicate the following:

e Volatile organic compounds and SVOCs were detected in muckpile samples at
concentrations that did not exceed the action levels outlined in the CAIP (DTRA, 2000).

e The TPH-diesel concentrations that exceeded the NDEP-established action level of
100 milligrams per kilogram (mg/kg) (DTRA, 2000) were identified at locations #18,
bh-s6, bh-s7, and bh-s8 in the muckpile (Figure 2-1). All locations were shallow
surface/subsurface (0 to 3.5 ft) with concentrations ranging from 110 mg/kg to
1,200 mg/kg. However, there were no hazardous constituents of TPH-DRO detected in
the samples that exceeded their respective PALs (Appendix D).

e Radionuclide results were compared to soil samples taken from undisturbed locations in
the Western and Southwestern United States (U.S. Ecology and Atlan-Tech, Inc., 1991;
and McArthur and Miller, 1989). Thallium (T1)-208, lead (Pb)-212, and Pb-214 were
detected in several samples but the concentrations are not considered to be statistically
significant when compared to background (Orchard and Alderson, 2000). In addition,
these isotopes are naturally occurring and are not produced during weapons testing.
Cesium (Cs)-137, a product of fission, was detected in surface samples TS-S1-0.5,
TS-S2-0.5, TS-S4-0.5, TS-S5-0.5, and TS-S6-0.5 at levels that exceeded the background
concentration. For the samples, TS indicates T-Tunnel soil; S1, S2, S4, S5, and S6 refer
to the bh-location (Figure 2-1); and the last numbers are the depth below ground surface.
Americium (Am)-241, cobalt (Co)-60, antimony (Sb)-125, and plutonium (Pu)-238/239
were also found within the muckpile at shallow surface locations and in the shallow
background samples at concentrations exceeding that from fallout found in undisturbed
background locations that are not in the vicinity of the T-Tunnel Muckpile.
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e No COCs above the action levels as defined in the CAIP (DTRA, 2000) or Appendix D
were detected in the native soil below the muckpile.

Details of the methods used and results found during the CAI are presented in Appendix A.

A statistical analysis of the analytical data from the CAI has demonstrated that the number of
samples taken was sufficient and resulted in a greater than 90 percent confidence level that the
mean concentrations are representative of the muckpile. Based on these results, the nature and
extent of COCs at CAU 476 have been adequately identified and were used to develop and

evaluate corrective action alternatives.

22.1.1 Muckpile (CAS 12-06-02)

Except as noted above, none of the chemical constituents found in the muckpile were detected
above the PALs, so the PALs were identified as the FALs for those constituents. For TPH-DRO,
the constituent that exceeded its PAL, a site-specific target level (SSTL) for the occasional use
scenario was calculated, which then became the FAL for that constituent. The SSTL for
TPH-DRO is the PAL for the hazardous constituents found in TPH-DRO. None of the
hazardous constituent concentrations exceed their PAL. The maximum concentration of each
detected chemical constituent within the muckpile is listed in Table 2-1. A more detailed

discussion of the constituents and the determination of the FALs is provided in Appendix D.

Table 2-1
Maximum Reported Chemical Values for
Muck in CAS 12-06-02, Muckpile
(Page 1 of 2)

Contaminant Result Sample No. Depth Final Action
(mg/kg) (ft bgs) Level (mg/kg)
1,1-Dichloroethene 0.0013 TS-13-14 13.5-145 410°
1,2,3-Trichlorobenzene 0.0014 TS-20-20 19.5-20.5 220°
1,2,4-Trimethylbenzene 0.001 TS-13-14 13.5-145 1702
4-Methyl-2-Pentanone 0.0027 TS-18-3.0 25-35 47,000°
Acetone 0.021 TS-09-30 29.5-30.5 54,0007
Arsenic 13 TS-13-14 13.5-14.5 23°
Barium 3,300 TS-04A-58 57.5-58.5 67,0007
Cadmium 0.4 TS-09-30 29.5-30.5 450°
Chromium 11 TS-09-35 345-355 450°
Diesel-Range Organics 330 TS-18-3.0 25-35 See footnote®
Lead 210 TS-13-14 13.5-145 800°
Mercury 0.079 TS-12-14 13.5-14.5 310°
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Table 2-1
Maximum Reported Chemical Values for
Muck in CAS 12-06-02, Muckpile
(Page 2 of 2)
Contaminant (izs}ﬁg) Sample No. (gebpg;[g) Lz\r/]gl (ﬁ\nc;/ig)
Naphthalene 0.0016 TS-20-20 19.5-20.5 190°
N-Butylbenzene 0.00088 TS-20-20 19.5-20.5 240°
Selenium 41 TS-09-30 29.5-30.5 5,100°
Silver 24 TS-09-30 29.5-30.5 5,100°
Toluene 0.0009 TS-18-3.0 25-35 520°
Trichloroethene 0.00076 TS-12-14 13.5-125 0.112
Trichlorotrifluoroethane 0.0011 TS-06-12 11.5-12.5 77,9007

®Final action level based on Region 9 Preliminary Remediation Goals (PRGSs) (EPA, 2004).
®Nevada Test Site background plus two standard deviations.
°Final action level for TPH-DRO is the preliminary action levels for the hazardous constituents found in TPH-DRO.

DRO = Diesel-range organics

ft bgs = Feet below ground surface
mg/kg = Milligrams per kilogram
TPH = Total petroleum hydrocarbons

None of the radionuclides found in the shallow soils on the muckpile exceeded the PALs as
defined in the CAIP (DTRA, 2000), so the PALs for those radionuclides are identified as the
FALs. The maximum concentration of each detected radionuclide found in the muckpile at this
CAS is listed in Table 2-2.

Table 2-2
Maximum Reported Radiological Values for
Muck in CAS 12-06-02, Muckpile

Contaminant Res_ult Sample No. Depth Final Acti_on

(pCilg) (ft bgs) Level (pCi/g)
Actinium-228 3.92 TS-03-09 85-95 52
Bismuth-212 3.2 TS-04A-58 57.5-58.5 5%
Bismuth-214 1.8 TS-20-20 19.5-20.5 5%

Cesium-137 0.58 TS-05-24 23.5-245 12.2°

Lead-212 3.54 TS-02-8.5 8.0-9.0 52
Lead-214 2.08 TS-03-09 85-95 52
Thallium-208 1.15 QTS-05-24 23.5-245 52

®Final action level based on background or the National Council on Radiation Protection and Measurements Report No. 129
recommended screening limits for construction, commercial, and industrial land-use scenario (NCRP, 1999) scaled from 25- to
15-millirem-per-year dose and the generic guidelines for residual concentration of radionuclides in DOE Order 5400.5

(DOE, 1993).

ft bgs = Feet below ground surface
pCi/g = Picocuries per gram
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2.2.1.2 Native Material Under the Muckpile

None of the chemical constituents found in the native material under the muckpile exceeded the
PALs as identified in the CAIP (DTRA, 2000), so the PALs are identified as the FALs. The
maximum concentration of each detected chemical contaminant found in the native material at
this CAS is listed in Table 2-3.

Table 2-3
Maximum Reported Chemical Values for
Native Material Under CAS 12-06-02 Muckpile

Contaminant Result Sample No. Depth Final Action
(mg/kQg) (ft bgs) level (mg/kg)
1,1-Dichloroethene 0.0013 TS-14-24 23.5-245 410°
4-Methyl-2-Pentanone 0.002 TS-14-24 23.5-245 47,000°
Acetone 0.019 TS-04A-68.5 68 — 69 54,0007
Arsenic 7.2 TS-18-20 19.5-20.5 23°
Barium 200 TS-15-29 28.5-29.5 67,0007
Benzoic Acid 0.27 TS-18-20 19.5-20.5 100,000°
Chromium 10 TS-15-29 28.5-29.5 450°
Diesel-Range Organics 47 TS-04-63.5 63 — 64 100°
Lead 18 TS-06-47.5 47 - 48 800°
Selenium 1.5 TS-13-41 40.5-415 5,100°
Silver 0.8 TS-18-20 19.5-20.5 5,100°
Trichlorotrifluoroethane 0.00096 TS-06-47.5 47 — 48 77,900°

“Final action level based on Region 9 Preliminary Remediation Goals (PRGs) (EPA, 2004).

®Nevada Test Site background plus two standard deviations.

°Nevada Administrative Code 445A.2272 (NAC, 2003b)

ft bgs = Feet below ground surface

mg/kg = Milligrams per kilogram

None of the radionuclides found in the native material under the muckpile exceeded the PALs as
defined in the CAIP (DTRA, 2000), so the PALs for those radionuclides were established as the
FALs. The maximum concentration of each detected radionuclide found in the native material

under the pad at this CAS is listed in Table 2-4.
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Table 2-4
Maximum Reported Radiological Values for Native Material
Under CAS 12-06-02 Muckpile

Contaminant E) ec:ﬁ;]g;t) Sample No. (f[iebpg;z) I_Feizr\]/i\ll '?pcéii?;)
Actinium-228 3.53 TS-04A-68.5 68 — 69 52
Americium-241 0.62 TS-04-63.5 63 — 64 12.7°
Bismuth-214 243 TS-17-25 245-255 52
Lead-212 3.54 TS-02-56.5 56 — 57 5°
Lead-214 2.87 TS-17-25 245-255 52
Thallium-208 1.06 TS-03-61.5 61-62 52

“Final action level based on background or the National Council on Radiation Protection and Measurements Report No. 129
recommended screening limits for construction, commercial, and industrial land-use scenario (NCRP, 1999) scaled from 25- to
15-millirem-per-year dose and the generic guidelines for residual concentration of radionuclides in DOE Order 5400.5

(DOE, 1993).

ft bgs = Feet below ground surface
pCi/g = Picocuries per gram

2.2.1.3 Shallow Soils on the Muckpile

None of the chemical constituents found in the shallow soils on the muckpile exceeded the PALs
as identified in the CAIP (DTRA, 2000) except for TPH-DRO, so the PALs are identified as the
FALs for those constituents. The maximum concentration of each detected chemical
contaminant found in the shallow soils at this CAS is listed in Table 2-5. The TPH-DRO SSTL

was calculated as explained in Section 2.2.1.1.

Table 2-5
Maximum Reported Chemical Values for Shallow Soils at CAS 12-06-02 Muckpile
(Page 1 of 2)

Contaminant gy | SampleNo. | )
Acetone 0.025 TS-S2-0.5 0-1.0 54,000°
Arsenic 5.8 TS-S1-2.5 20-3.0 23°
Barium 4,500 TS-S3-01 05-15 67,000°

Cadmium 0.24 TS-S1-2.5 20-3.0 4502
Chromium 12 TS-S1-2.5 2.0-3.0 4502
Diesel-Range Organics 1,200 TS-S7-01 05-15 See footnote®
Di-N-Buthyl Phthalate 26 TS-S1-0.5 0-1.0 62,000°
Lead 63 TS-S4-0.5 0-1.0 800°
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Table 2-5
Maximum Reported Chemical Values for Shallow Soils at CAS 12-06-02 Muckpile
(Page 2 of 2)

Contaminant Result sample No Depth Final Action
(mg/kg) (ft bgs) Level (mg/kg)
Selenium 0.61 TS-S4-0.5 0-1.0 5,100°
Silver 0.32 TS-S1-2.5 2.0-3.0 5,100°

®Final action level based on Region 9 Preliminary Remediation Goals (PRGs) (EPA, 2004).

®Nevada Test Site background plus two standard deviations.

°Final action level for TPH-DRO is the preliminary action levels for the hazardous constituents found in TPH-DRO.
DRO = Diesel-range organics

ft bgs = Feet below ground surface

mg/kg = Milligrams per kilogram

TPH = Total petroleum hydrocarbons

None of the radionuclides found in the shallow soils on the muckpile were detected above their
PALs except for Cs-137, so the PALs were identified as the FALs for those radionuclides. For
Cs-137, which did exceed the PAL, a SSTL was calculated using RESRAD (Yu et al., 2001),
and that calculation then became the FAL for that constituent. The maximum concentration of
each detected radionuclide at this CAS is listed in Table 2-6. A more detailed discussion of the
radionuclides and the determination of the FALSs is provided in Appendix D.

Table 2-6
Maximum Reported Radiological Values for Shallow Soils
at CAS 12-06-02 Muckpile
(Page 1 of 2)

Contaminant 5) ecsll/gt) Sample No. (f[iebpg;g) I_Feizr\]/ill '(Apcgi(/);)
Actinium-228 3.9 TS-S6-0.5 0-1.0 52
Antimony-125 3 TS-S1-0.5 0-1.0 18.1°
Bismuth-214 1.67 TS-S7-01 05-1.5 52

Cobalt-60 1.76 TS-S6-0.5 0-1.0 2.7°
Cesium-137 382 TS-S6-0.5 0-1.0 373.6°
Lead-212 3.27 TS-S7-01 05-15 52
Lead-214 2.3 TS-S1-0.5 0-1.0 52

Plutonium-238 0.91 TS-S6-0.5 0-1.0 13°
Plutonium-239 2.87 TS-S6-0.5 0-1.0 12.7°
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Table 2-6
Maximum Reported Radiological Values for Shallow Soils
at CAS 12-06-02 Muckpile

(Page 2 of 2)
. Result Depth Final Action
Contaminant (pCi/g) Sample No. (ft bgs) Level (pCilg)
Thallium-208 0.64 TS-S7-01 05-1.5 5%

“Final action level based on background or the National Council on Radiation Protection and Measurements Report No. 129
recommended screening limits for construction, commercial, and industrial land-use scenario (NCRP, 1999) scaled from 25- to
15-millirem-per-year dose and the generic guidelines for residual concentration of radionuclides in DOE Order 5400.5

(DOE, 1993).

®Final action level based on RESRAD calculation (Yu et al., 2001) for remote scenario.

ft bgs = Feet below ground surface

pCi/g = Picocuries per gram
RESRAD = Residual Radioactive

2214 T-Tunnel Background

Table 2-7 shows the maximum concentration of chemical constituents found in the background

samples. Table 2-8 shows the maximum concentration of radionuclides found in the background

samples.
Table 2-7
Maximum Reported Chemical Values for T-Tunnel Background
Contaminant (E%S/Eg) Sample No. (Rebpéz) incgl (?n Cgti/ig)
Arsenic 3.8 TS-B3-01 05-15 23°
Barium 110 TS-B3-01 05-1.5 67,000
Cadmium 0.088 TS-B3-01 05-1.5 450°
Chromium 6 TS-B3-01 05-1.5 450°
Lead 12 TS-B2-01 05-1.5 800°

®Final action level based on Region 9 Preliminary Remediation Goals (PRGSs) (EPA, 2004).
®Nevada Test Site background plus two standard deviations.

ft bgs = Feet below ground surface
pCi/g = Picocuries per gram
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Table 2-8
Maximum Reported Radiological Values for T-Tunnel Background
Contaminant E‘;) ecsygl;t) Sample No. (thebpgtrSw) I_F(ier\lzll '?pcgi?gr])
Actinium-228 3.2 TS-B2-01 05-15 5°
Americium-241 2.8 TS-B2-01 05-15 12.7°
Bismuth-214 2.4 TS-B2-01 05-15 5°
Cesium-137 13.5 TS-B2-01 05-1.5 373.6°
Lead-212 276 TS-B3-01 05-15 5°
Lead-214 1.59 TS-B1-01 05-15 5°
Plutonium-238 1.03 TS-B2-01 05-15 13°
Plutonium-239 9.6 TS-B2-01 05-15 12.7°
Thallium-208 0.88 TS-B1-01 05-1.5 5°

®Final action level based on background or the National Council on Radiation Protection and Measurements
Report No. 129 recommended screening limits for construction, commercial, and industrial land-use scenario
(NCRP, 1999) scaled from 25- to 15-millirem-per-year dose and the generic guidelines for residual
concentration of radionuclides in DOE Order 5400.5 (DOE, 1993).

®Final action level based on RESRAD calculation (Yu et al., 2001) for remote use scenario.

ft bgs = Feet below ground surface
pCi/g = Picocuries per gram
RESRAD = Residual Radioactive

2.2.2 Data Assessment Summary

The data quality assessment (DQA) is presented in Appendix C and includes an evaluation of the
DQIs to determine the degree of acceptability and usability of the data in the decision-making

process. The DQO process ensures that the right type, quality, and quantity of data are available
to support the resolution of those decisions at an appropriate level of confidence. Using both the

DQO and DQA processes helps ensure that DQO decisions are sound and defensible.
The DQA process as presented in Appendix C is comprised of the following steps:

Step 1 — Review DQOs and Sampling Design.
Step 2 — Conduct a Preliminary Data Review.
Step 3 — Select the Test.

Step 4 — Verify the Assumptions.

Step 5 — Draw Conclusions from the Data.

Sample locations that support the presence and/or extent of contamination at CAU 476 are
shown in Appendix A and Figure 1-1. Based on the results of the DQA presented in

Appendix C, the DQO requirements have been met, and the close in place with use restrictions
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corrective action alternative was selected as the closure alternative at CAU 476 (Area 12
T-Tunnel Muckpile). The DQA also determined that information generated during the
investigation supports the CSM assumptions, and the data collected support the intended use in

the decision-making process.

2.3 Justification for No Further Action

Use restrictions with no further corrective action is justified based on an evaluation of risk that
ensures protection of the public and the environment in accordance with NAC 445A

(NAC, 2003a), feasibility, and cost effectiveness. The selection of the corrective action was
based on the resolution of the DQO decision statements and on a comparison of the analyte
concentrations detected in CAI soil samples to the FALs defined in Section 2.3.1. Because the
extent of the COCs is limited to the muckpile and the CAI demonstrated that there is no vertical
migration through the muckpile into the underlying native material, the corrective action to close
in place with administrative controls is justified at CAU 476. Appendix D presents an evaluation

of risk associated with the recommended closure alternative.

231 Final Action Levels

The CAU 476 FALs are risk-based cleanup goals that, if met, will ensure that each release site
will not pose an unacceptable risk to human health or the environment under the occasional use
exposure scenario, and that the conditions at each site are in compliance with all applicable laws
and regulations. The process described in this section to define and determine the FALSs
conforms to NAC Section 445A.2272 (NAC, 2003b), which lists the requirements for sites with
soil contamination. For the evaluation of corrective actions, NAC Section 445A.22705

(NAC, 2003c) recommends the use of American Society for Testing and Materials (ASTM)
Method E 1739-95 (ASTM, 1995) to “conduct an evaluation of the site, based on the risk it poses
to public health and the environment, to determine the necessary remediation standards

(i.e., FALs) or to establish that corrective action is not necessary.”

The ASTM procedure defines three tiers (or levels) of evaluation involving increasingly

sophisticated analyses as follows.

Tier 1 Evaluation — Sample results from source areas (highest concentrations) are compared to
action levels based on generic (non-site-specific) conditions (i.e., the PALs established in the
CAIP). The FALs may then be established as the Tier 1 action levels, or the FALs may be

calculated using a Tier 2 evaluation.
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Tier 2 Evaluation — Conducted by calculating Tier 2 SSTLs using site-specific information as
inputs to the same or similar methodology used to calculate Tier 1 action levels. The Tier 2
SSTLs are then compared to individual sample results from reasonable points of exposure

(as opposed to the source areas as is done in Tier 1) on a point-by-point basis. Total TPH
concentrations are not used for risk-based decisions under Tier 2 or Tier 3. Rather, the

individual hazardous constituents in TPH are compared to their SSTLs.

Alternatively, the Tier 2 risk-based corrective action process SSTLs may be compared to the
predicted concentration or activity of the contaminant at the point of exposure based on
attenuation from the source using relatively simplistic mathematical models. Points of exposure
are defined as those locations at which an individual or population may come in contact with a
COC originating from a CAS. If a Tier 2 evaluation is conducted, the calculations used to derive
the SSTLs and the contaminant attenuation calculations will be provided as an appendix to the
investigation report. If remediation to Tier 2 SSTLs is not practical, a Tier 3 evaluation may be
conducted.

Tier 3 Evaluation — A Tier 3 evaluation is conducted by calculating SSTLs on the basis of more
sophisticated risk analyses using methodologies described in ASTM Method E 1739-95 that
consider site-, pathway-, and receptor-specific parameters. Tier 3 evaluation is much more
complex than Tiers 1 and 2, because it may include additional site characterization, probabilistic
evaluations, and sophisticated chemical fate/transport models. The Tier 3 SSTLs are then
compared to the upper 95 percent confidence limit of the mean of sample results from reasonable
points of exposure (as opposed to individual sample results as is done in Tier 2). Contaminant
concentrations exceeding Tier 3 SSTLs require corrective action. If a Tier 3 evaluation is
conducted, the calculations used to derive the SSTLs and the upper confidence limit of the means

will be provided as an appendix to the investigation report.

A Tier 1 evaluation was conducted for all COPCs to determine whether contaminant levels
satisfy the criteria for regulatory closure or warrant a more site-specific assessment. This was
accomplished by comparing individual source area contaminant concentration results to the
Tier 1 actions levels (the PALs established in the CAIP) on a point-by-point basis. The Tier 1

PALs were based on an industrial use scenario.
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The constituents detected at CAU 476 that exceeded Tier 1 action levels were:

e TPH-DRO
o (s-137

The concentration of all constituents not listed above were below Tier 1 action levels, and the
corresponding PALs were established as the Tier 1 FALs. The constituents that exceeded Tier 1

action levels were moved to a Tier 2 evaluation.

The Tier 2 evaluation of TPH-DRO compared the concentrations of the individual hazardous
constituents of TPH-DRO to the Tier 1 action levels in the sample that exceeded for TPH-DRO.
No hazardous constituents were found in the samples and therefore did not exceed Tier 1 action
levels, so site-specific action levels were not calculated and TPH-DRO was eliminated as a COC.
The PALs were established as the FALs for the hazardous constituents in TPH-DRO at

CAU 476. The FALs are presented in Table 2-9. Additional details of the Tier 2 evaluation are
provided in Appendix D.

Table 2-9
Tier 2 FALs and CAU 476 Results for Hazardous Constituents of Diesel
(Page 1 of 2)

CAS Number Common Name | Final Action Level | - Maximum Reported
108-67-8 1,3,5-Trimethylbenzene 70 ND
91-57-6 2-Methylnaphthalene® 190 ND
56-55-3 Benzo(a)Anthracene 2.1 ND
71-43-2 Benzene 1.4 ND
50-32-8 Benzo(a)Pyrene 0.21 ND
100-41-4 Ethylbenzene 400 ND
91-20-3 Naphthalene 190 ND
108-88-3 Toluene 520 ND
1330-20-7 Total Xylene® 420 ND
104-51-8 N-Butylbenzene 240 ND
103-65-1 N-Propylbenzene 240 ND
207-08-9 Benzo(k)Fluoranthene 21 ND
205-99-2 Benzo(b)Fluoranthene 21 ND
86-73-7 Fluorene 26,000 ND
85-01-8 Phenanthrene 100,000 ND
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Final Action Level

Maximum Reported

CAS Number Common Name (ma/kg) Value (mg/kg)
206-44-0 Fluoranthene 22,000 ND
129-00-0 Pyrene 29,000 ND
218-01-9 Chrysene 210 ND
120-12-7 Anthracene 100,000 ND
191-24-2 Benzo(g,h,i)Perylene 29,000 ND

dUses PRG for naphthalene as surrogate
®Total of m-, o-, and p-xylenes

CAS = Chemical Abstracts Service
mg/kg = Milligrams per kilograms

ND = Nondetect

PRG = Preliminary remediation goal
SSTL = Site-specific target level

The Tier 2 evaluation for the radionuclides was conducted by entering site-specific radionuclide

information and physical characteristics of the site into the RESRAD program to calculate the

site-specific action levels. This calculated the site-specific activities needed to sum to an

exposure dose of 25 millirem per year (mrem/yr) to a site receptor. These calculated

concentrations were established as the FALSs for each radionuclide at the CAS that exceeded a

Tier 1 action level. The Tier 2 calculated FALs for the chemical and radiological constituents

are presented in Table 2-10. Additional details of the Tier 2 evaluation are provided in

Appendix D.
Table 2-10
Final Action Levels

COPCs Tier 1 FALs Tier 2 FALs Tier 3 FALs
VOCs PALs N/A N/A
SVOCs PALs N/A N/A
RCRA metals PALs N/A N/A
TPH-DRO N/A see Tier 2 TPH-DRO hazardous constituent PALs N/A

. . PALs except as .

Radionuclides listed under Tier 2 Cs-137 373.6 pCilg N/A

COPC = Contaminant of potential concern

Cs = Cesium

DRO = Diesel-range organics

FAL = Final action level
N/A = Not applicable

pCi/g = Picocuries per gram

RCRA = Resource Conservation and Recovery Act

SVOC = Semivolatile organic compound

TPH = Total petroleum hydrocarbons
VOC = Volatile organic compound

PAL = Preliminary action level
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3.0 Recommendations

The data generated by the CAI show that the FAL for Cs-137 was exceeded at CAU 476,

Area 12 T-Tunnel Muckpile, and is the only COC present. Therefore, closure in place with use
restrictions is considered the best option for closing this site. This recommendation is based on
the fact that even though the FAL was exceeded for Cs-137, this remote, controlled access site
poses only limited risk overall to public health and the environment. The future use of CAU 476
will be restricted from any activity unless concurrence is obtained from NDEP. The use
restriction will prevent inadvertent contact with the COCs, and meets all applicable state and

federal regulations for closure of the site.

In conclusion, the Defense Threat Reduction Agency (DTRA) requests that NDEP issue a Notice
of Completion for this CAU and approval to move the CAU from Appendix III to Appendix [V
of the FFACO.
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A.1.0 Introduction

This report presents a summary of the field activities and the data collected during the CAI of the
T-Tunnel Muckpile. The CAI was controlled and guided by the Corrective Action Investigation
Plan for Corrective Action Unit 476: Area 12 T-Tunnel Muckpile, Nevada Test Site, Rev. 0
(DTRA, 2000a). The T-Tunnel Muckpile is identified in the FFACO as CAU 476,

CAS 12-06-02 (FFACO, 1996).

The T-Tunnel Muckpile is located approximately 40 miles north of Mercury in Area 12 of the
NTS. The T-Tunnel was mined into the bedded ash-flow tuff of Rainier Mesa starting in 1968.
Nuclear and nonnuclear testing and mineback operations continued until 1997. The muckpile is
estimated to contain approximately 500,000 cubic yards of mining and re-entry debris. Less than
1 percent of this material is considered to be re-entry debris. Additional information relating to
the site history, planning, and scope of the investigation is presented in the CAIP

(DTRA, 2000a).

A.1.1 Project Objective

The primary objective of the T-Tunnel CAI was to determine whether the T-Tunnel Muckpile or
the underlying native soils have been impacted by COPCs at concentrations that exceed
regulatory limits. The data collected during the field effort will enable DTRA to make informed
decisions about the future operation, use, or closure of the muckpile site. The following tasks

were performed to meet the project objective:

e A sonic drill rig was used to drill 20 holes through the muckpile and 5 ft into the
underlying native material (only 2 ft, if the native material was bedrock). Seven
boreholes to 5 ft were drilled and one location excavated with hand tools to characterize

the muckpile surface (Figure A.1-1).
e Continuous cores were collected from all of the boreholes.

e All of the cores were field screened for VOCs and radioactivity for health and safety
purposes and to identify depths where optional environmental samples should be

collected.
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Soil samples were collected from random depths within the muckpile, from 5 ft (or 2 ft, if
bedrock) below the muckpile/native material interface, and from the surface/near-surface

(less than 5 ft below ground surface [bgs]) of the muckpile

Samples were sent to an off-site laboratory for analysis for VOCs, SVOCs, total RCRA

metals, and radionuclides.

Three background samples of native soil were collected using hand tools and analyzed
for total RCRA metals and radionuclides at the off-site laboratory.

All of the cores were described to assess soil and waste physical characteristics.

Report Content

The CAI report is intended to provide information and data in sufficient detail to support the

selection of a preferred corrective action alternative reported in the CADD. The contents of this

CAl report are as follows:

Section A.1.0 of this report is an introduction that includes a description of the objective

and scope of the project.

Section A.2.0 details the muckpile investigation and provides a description of the sample

collection activities and locations.
Section A.3.0 is a summary of the sample analytical results.

Section A.4.0 discusses the quality assurance (QA) and quality control (QC) procedures
that were followed and the results of the QA and QC activities.

Section A.5.0 summarizes the significant results of the CAIL

Section A.6.0 lists the references.

To provide a concise summary, the complete field documentation and laboratory data is not

contained in this report. These documents are retained in project files.
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A.2.0 Field Investigation and Sampling Activities

The field investigation and sampling program were managed in accordance with the
requirements set forth in the CAIP (DTRA, 2000a). The field activities were performed in
accordance with an approved site-specific health and safety plan (ITLV, 2000). The samples
were collected and documented by following approved sampling, decontamination,
chain-of-custody, shipping, and radiation screening protocols and documentation procedures.
Quality control samples (e.g., equipment rinsate blanks, trip blanks, and sample duplicates) were
collected as specified in the CAIP and the Industrial Sites Quality Assurance Project

Plan (QAPP) (DOE/NV, 1996), and in accordance with approved procedures.

A.2.1 Slope Stability Analysis

Given the site conditions and proposed operating parameters, a slope stability analysis was not
prepared for T-Tunnel. Because of the similarity in construction between the previously
investigated N-Tunnel Muckpile and the T-Tunnel Muckpile, the work restrictions that were
applied for the N-Tunnel Muckpile drilling were used for the T-Tunnel Muckpile drilling.
Conservative assumptions were used in the preparation of the N-Tunnel Muckpile slope stability
calculations. Those restrictions included that drilling could be safely conducted at least 50 ft
from the edge of the lower bench and 25 ft from the edge of the upper bench. The T-Tunnel
Muckpile is smaller in area and not as high from toe to crest as the N-Tunnel Muckpile, so
adopting the N-Tunnel Muckpile slope stability restrictions demonstrated a very conservative

approach to safely sampling the muckpile.

A.2.2 Surface Geophysical Surveys

Prior to identifying borehole locations, surface geophysical surveys were conducted to locate
approximately 75 full acetylene cylinders that were reported to have been buried in the upper
bench of the muckpile. The geophysical surveys were conducted over seven days from

January 17 to January 24, 2000.

Electromagnetic (EM) and ground penetrating radar (GPR) methods were used to survey the
upper bench of the muckpile. First, EM 31 and an EM 61 surveys were conducted. Then, GPR
surveys were conducted over anomalies identified by the EM surveys. No area was identified

that positively identified the location of the cylinders; however, the geophysical data were used
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to eliminate areas from consideration as drill targets because of the possibility of drilling into a

buried cylinder.

A.2.3 Borehole Locations

The borehole locations were identified by coordinates which were randomly assigned using an
unaligned grid sampling method (Gilbert, 1987). The locations were limited to those areas
considered safe for drilling based on the results of the surface geophysical surveys. Prior to the
commencement of the drilling operations, Bechtel Nevada (BN) surveyors located the boreholes
on the muckpile at the calculated coordinates. Locations for 80 boreholes were staked by the BN
surveyors. This included 20 primary holes and three alternate locations for every primary
location. The alternate locations were surveyed to allow for uninterrupted field work in the event

a primary location could not be sampled.

In addition to the deep holes, eight shallow hole locations were identified based on elevated
readings as measured using a field instrument for the detection of low energy radiation
(FIDLER) or in areas of surface staining. After completion of the drilling, the exact locations of
the shallow soil borings were surveyed using a Trimble global positioning system. A list of the
boreholes drilled and the sample depths is provided in Table A.2-1. Figure A.1-1 shows the

locations of the drilled boreholes.

Table A.2-1
Borehole Locations, Total Depth, and Sampling Depths
(Page 1 of 2)

Hole # Northing Easting Co!lar Sample Botto_m of Total Depth
Elevation (ft) | Depth(s) (ft) Muckpile (ft) | (ft))Comments
2 898154 646499 5,583 8.5, 56.5 52 60
3 898101 646485 5,582 9,61.5 57 68
4 898051 646479 5,581 36.5,63.5 59 64
4A 898074 646479 5,580 58, 68.5 64 rlaltemate
5 898001 646477 5,581 24,515 47 52
6 897839 646329 5,596 12,47.5 44 48
7 897804 646312 5,596 13,40.5 36 47
8 898191 646455 5,582 21.5,37.5 33 39
9 898106 646433 5,582 31.5,34.5,455 41 46
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Table A.2-1
Borehole Locations, Total Depth, and Sampling Depths
(Page 2 of 2)

Hole# | Northing | Easting Ele\?ac;:ijar: (ft) Despﬁ?(g;e(ft) MEZ?QS.']” e c()1];) (f;l;(/)(tiilrr? ri%tnhts
10 898021 646390 5,582 11.5,49.5 45 51
11 897965 646466 5,580 31.5,39.5,51.5 47 52
12 897708 646256 5,596 14,245 23 26
13 897899 646143 5,598 14, 40.5 36 42
14 897796 646051 5,599 75,235 21 24
15 897831 646091 5,598 11,285 24 29
16 897988 645854 5,600 11,16.5 12 18
17 897849 645982 5,599 9,25 20.5 27
18 898000 645894 5,599 3,19.5 15 21
19 898035 646007 5,597 4,345 30 355

20A 898031 646220 5,597 19.5,50.5 455 51
B1 898507 645736 5,791 1 N/A 1.5
B2 897306 646482 5,614 1 N/A 15
B3 897518 644916 5,720 1 N/A 15
S1 897956 646323 5,582 05,25 N/A 5
S2 897951 646345 5,581 0.5 N/A 5
S3 897952 646372 5,581 1 N/A 5
S4 897929 646426 5,580 0.5 N/A 5
S5 897931 646470 5,580 0.5 N/A 5
S6 897914 646527 5,573 0.5 N/A dug%hyo:fan g
s7 897948 645876 5,599 1 N/A 5
S8 897977 645942 5,599 1 N/A 5
ft = Foot

N/A = Not applicable

A.2.4 Subsurface Characterization

The drilling activities at the T-Tunnel Muckpile were conducted over 19 workdays between

April 10 and May 2, 2000.

Deep soil sampling consisted of drilling boreholes through the muckpile and into the native

material underneath using a rotosonic drill rig. If the native material was alluvial in nature, the
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borehole was advanced 5 ft into the native material. If the native material was bedrock, the
borehole was only advanced 2 ft into the native material or until refusal. The 27 boreholes were
drilled to depths ranging from 18 to 72 ft for a total of 907.5 ft.

Two soil samples were collected from each borehole, one at a randomly selected depth

(the z depth) and one from the bottom of the borehole. Additional samples were collected from
sections of core where field screening indicated elevated levels of VOCs or radionuclides.

A total of 22 environmental soil samples were collected to characterize the muckpile and

20 environmental soil samples were collected to characterize the underlying native material.

All of the soil samples were sent to an off-site laboratory and analyzed for VOCs, SVOC:s,
TPH-DRO, total RCRA metals, and radionuclides. An additional aliquot of each sample was
sent to the laboratory to archive for potential analysis for Sr-90 and isotopic plutonium for waste

management determinations.

A.2.5 Muckpile Surface Samples (0 to 5 ft)

Shallow soil sampling consisted of drilling boreholes 5 ft deep into the muckpile using the
rotosonic drill rig and collecting a soil sample. A total of 35 ft of drilling was completed in
seven boreholes to characterize the muckpile surface. An additional sample, S8 (see

Figure A.1-1), was collected near the edge of the muckpile using hand tools. Six of the seven
shallow boreholes and the location sampled with hand tools were selected based on anomalous
radiation readings as measured with the FIDLER. One borehole, S8 (see Figure A.1-1), was
selected based on oil staining of the surface material.

One soil sample was collected from each borehole. The sample was collected from the section
of core with the highest field-screening readings or, if there were no elevated field-screening
readings, the sample was collected from 1 to 2 ft below the muckpile surface. Two samples were
collected from boring S1; soils at 0.5 ft exceeded VOC field-screening levels, and soils at 2.5 ft
exceeded radionuclide field-screening levels. A total of nine environmental soil samples were
collected to characterize the muckpile surface. All of the soil samples were sent to an off-site
laboratory to be analyzed for VOCs, SVOCs, TPH-DRO, total RCRA metals, and radionuclides.
An additional aliquot of each sample was sent to the laboratory to archive for potential analysis

for Sr-90 and isotopic plutonium for waste management determinations.
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A.2.6 Background Native Soil Samples (0.5 ft)

Background soil samples were collected at three locations near the T-Tunnel Muckpile. The
samples were collected from a depth of 6 inches using decontaminated hand tools and disposable
Teflon™ scoops. The samples were sent to an off-site laboratory to be analyzed for total RCRA

metals and radionuclides.

A.2.7 Other Sampling

In addition to the environmental samples, three blind duplicate samples were collected and
analyzed to check on the laboratory’s precision; three matrix spike (MS)/matrix spike

duplicate (MSD) samples were collected to check for matrix interference; two rinsate samples
were collected to check on the effectiveness of the decontamination procedures; three field
blanks were collected to check on possible environmental interferences; and 19 trip blanks were
sent for VOC analysis.

Also, at the start of the field work, a sample on the decontamination water was collected from the
water truck and archived. Since no issues arose concerning the possibility that the

decontamination water was contaminated, this sample was not analyzed.
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A.3.0 Results

The analytical results of samples collected from the T-Tunnel Muckpile CAI have been compiled
and evaluated to determine the presence and extent of the contamination. The results are
summarized in the following subsections. Complete laboratory results are available in the

project files.

A total of 54 soil samples and 24 water samples were collected and submitted for analysis.
Three of the soil samples were submitted to establish background levels. A list of sample
numbers and their relationship to the boreholes is presented in Table A.3-1. The analytical
parameters and methods requested for the CAI samples submitted to the off-site laboratory are
presented in Table A.3-2. All samples were submitted to Paragon Analytics of Fort Collins,
Colorado. Third party data validation was completed by TechLaw, Inc. in Lakewood, Colorado.

Table A.3-1
Samples Collected and Submitted for Laboratory Analyses
for the CAU 476 Area 12 T-Tunnel Muckpile Corrective Action Investigation
(Page 1 of 4)

Borehole Sample Depth Sample Soil Tvpe Comments Parameters

Number Number (ft bgs) Matrix yp Analyzed
. . Full Suite,
5 TS-02-8.5 8-9 Soil Muckpile - Pu, Sr-90
TS-02-56.5 56 - 57 Soil Native MS/MSD Full Suite
3 TS-03-09 8.5-9.5 Soil Muckpile - Full Suite
TS-03-61.5 61-62 Soil Native - Full Suite
4 TS-04-36.5 36 - 37 Soil Muckpile - Full Suite
TS-04-63.5 63 - 64 Soil Native - Full Suite
. . Full Suite,
TS-04A-58 57.5-58.5 Soil Muckpile - Pu, Sr-90

A Full Suit
. . ull Suite,
TS-04A-68.5 68 - 69 Soil Native - Pu, Sr-90
TS-05-24 235-245 Soil Muckpile - Full Suite

. . Duplicate of .
5 QTS-05-24 23.5-24.5 Soil Muckpile TS-05-24 Full Suite
TS-05-51.5 51-52 Soil Native MS/MSD Full Suite
. . Full Suite,
TS-06-12 11.5-12.5 Soil Muckpile - Pu, Sr-90

6 . . Duplicate of .
QTS-06-12 11.5-125 Soil Muckpile TS-06-12 Full Suite
TS-06-47.5 47 - 48 Soil Native - Full Suite
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for the Area 12 CAU 476 T-Tunnel Muckpile Corrective Action Investigation
(Page 2 of 4)

Number | Namber | (tnge) | waux | SolTvee | Comments | FUEIEE
. TS-07-13 12.5-13.5 Soil Muckpile - Full Suite
TS-07-40.5 40 - 41 Soil Muckpile - Full Suite
TS-08-22 21-22 Soil Muckpile - Full Suite
° TS-08-38 37-38 Soi Native - lF;L‘j” Sute.
Exceeded

TS-09-30 30-33 Soil Muckpile field screening Full Suite

9 level for VOCs
TS-09-35 34 -35 Soil Muckpile - Full Suite
TS-09-46 45 - 46 Soil Native - Full Suite
TS-10-12 11-12 Soll Muckpile - Full Suite
10 TS-10-50 | 49-50 Soil Native . e aro0
. . _ Exceeded Full Suite
TS-11-31.5 31-32 Soil Muckpile field screening Pu, Sr-90’

11 level for VOCs
TS-11-39.5 39-40 Soll Muckpile - Full Suite
TS-11-51.5 51-52 Soll Native - Full Suite
TS-12-14 13.5-14.5 Soil Muckpile - Full Suite
2 TS-12-245 | 24-25 Soil Native . s
TS-13-14 13.5-14.5 Soil Muckpile - Full Suite
b TS-13-41 40 - 41 Soll Native - Full Suite
1 TS-14-08 7-8 Soil Muckpile - Full Suite
TS-14-24 23-24 Soil Native - Full Suite
15 TS-15-11.5 10.5-11.5 Soil Muckpile - Full Suite
TS-15-29 28 -29 Soil Native - Full Suite
16 TS-16-11 10.5-11.5 Soll Muckpile - Full Suite
TS-16-17 16-17 Soil Native - Full Suite
17 TS-17-9.5 85-95 Soil Muckpile - Full Suite
TS-17-25 245-255 Soll Native MS/MSD Full Suite
18 TS-18-3.0 25-35 Soil Muckpile - Full Suite
TS-18-20 19-20 Soll Native - Full Suite

Uncontrolled When Printed




Table A.3-1

CAU 476 CADD/CR
Appendix A
Revision: 0

Date: May 2007
Page A-11 of A-28

Samples Collected and Submitted for Laboratory Analyses
for the Area 12 CAU 476 T-Tunnel Muckpile Corrective Action Investigation
(Page 3 of 4)

Borehole Sample Depth Sample . Parameters
Number Number (ft bgs) Matrix Soil Type Comments Analyzed
. . Full Suite,
19 TS-19-4.0 3.5-45 Soil Muckpile - Pu, Sr-90
TS-19-35 34-35 Soil Native - Full Suite
TS-20-20 19-20 Soil Muckpile - Full Suite
TS-20-51 50 - 51 Soil Native - Full Suite
20a
. . Duplicate of .
QTS-20-51 50 - 51 Soil Native TS-20-51 Full Suite
Exceeded Full Suite
TS-S1-0.5 0-1 Soil Muckpile field screening Pu Sr-90’
St level for VOCs ’
Exceeded
TS-S1-2.5 2-3 Soil Muckpile field screening Full Suite
level for alpha
. . Full Suite,
S2 TS-S2-0.5 0-1 Soil Muckpile - Pu, Sr-90
S3 TS-S3-01 05-1.5 Soil Muckpile - Full Suite
. . Full Suite,
S4 TS-S4-0.5 0-1 Soil Muckpile - Pu, Sr-90
. . Full Suite,
S5 TS-S5-0.5 0-1 Soil Muckpile - Pu, Sr-90
. . Full Suite,
S6 TS-S6-0.5 0-1 Soil Muckpile - Pu, Sr-90
S7 TS-S7-01 0.5-1.5 Soil Muckpile - Full Suite
S8 TS-S8-01 05-15 Soil Muckpile - Full Suite
RCRA
Background Metals,
B1 TS-B1-01 05-15 Soil Native Gamma
Sample
Spec, Pu,
Sr-90
RCRA
Background Metals,
B2 TS-B2-01 05-1.5 Soil Native 9 Gamma
Sample
Spec, Pu,
Sr-90
RCRA
Background Metals,
B3 TS-B3-01 05-15 Soil Native Gamma
Sample s
pec, Pu,
Sr-90
N/A TW-01 N/A Water N/A Source Blank Discarded
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Samples Collected and Submitted for Laboratory Analyses
for the Area 12 CAU 476 T-Tunnel Muckpile Corrective Action Investigation

(Page 4 of 4)

Srente | Sampie | o | S | soitype | comments | ranetes
N/A TW-02 "N/A Water N/A F';ggépgggh Full Suite
N/A TW-03 N/A Water N/A Field Blank Full Suite
N/A TW-04 N/A Water N/A I.\',':ig;‘;pglgm( Full Suite
N/A TW-05 N/A Water N/A Field Blank Full Suite
N/A TW-06 N/A Water N/A Field Blank Full Suite
N/A TR-01 N/A Water N/A Trip Blank VOC
N/A TR-02 N/A Water N/A Trip Blank VOC
N/A TR-03 N/A Water N/A Trip Blank VOC
N/A TR-04 N/A Water N/A Trip Blank VOC
N/A TR-05 N/A Water N/A Trip Blank VOoC
N/A TR-06 N/A Water N/A Trip Blank VOC
N/A TR-07 N/A Water N/A Trip Blank VOC
N/A TR-08 N/A Water N/A Trip Blank VOC
N/A TR-09 N/A Water N/A Trip Blank VOC
N/A TR-10 N/A Water N/A Trip Blank vOC
N/A TR-11 N/A Water N/A Trip Blank VOC
N/A TR-12 N/A Water N/A Trip Blank VOC
N/A TR-13 N/A Water N/A Trip Blank VOC
N/A TR-14 N/A Water N/A Trip Blank VOC
N/A TR-15 N/A Water N/A Trip Blank vOC
N/A TR-16 N/A Water N/A Trip Blank VOC
N/A TR-17 N/A Water N/A Trip Blank VOC
N/A TR-18 N/A Water N/A Trip Blank VOC
N/A TR-19 N/A Water N/A Trip Blank VOC

Full Suite = VOC, SVOC, TPH-DRO/oil, RCRA Metals, Gamma Spectroscopy

DRO = Diesel-range organics

ft bgs = Feet below ground surface
N/A = Not applicable

MS = Matrix spike

MSD = Matrix spike duplicate

Pu = Plutonium

RCRA = Resource Conservation and Recovery Act
Sr = Strontium

SVOC = Semivolatile organic compound

TPH = Total petroleum hydrocarbons
VOC = Volatile organic compound
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Table A.3-2
Chemical Analytical Methods Used for T-Tunnel Investigation Samples
Analyte Medium? Analytical Method
Water b
Total VOCs 8260B
Soil
Water b
Total SVOCs 8270C
Soil
Total RCRA Metals
Arsenic
Barium
Cadmium
Chromium Water 6010B/7470A°
Lead
Selenium
Silver
Mercury
Arsenic
Barium
Cadmium
Chromium . b
Soil 6010B/7471A
Lead
Selenium
Silver
Mercury
Water
(diesel/oil) e b
Total Petroleum Hydrocarbons Soi 8015B Modified
oi
(diesel/oil)
Water EPA 901.1%°
Gamma Spectroscopy
Soil HASL 300°°
) , Water ce
Isotopic Plutonium HASL 300™
Soil
i Water of
Strontium-90 ol ASTM D 5811-95
oi

?Includes methods for quality control (water) samples.

®Test Methods for Evaluating Solid Waste Physical/Chemical Methods, 3rd Edition, Parts 1-4, SW-846 CD ROM.
Washington, DC (EPA, 1996).

°Or equivalent method

“Prescribed Procedures for Measurement of Radioactivity in Drinking Water (EPA, 1980)

°Environmental Measurements Laboratory Procedure Manual, HASL-300, 28th Edition, February (DOE, 1997)
fStandard Test Method for Strontium-90 in Water (ASTM, 1995)

ASTM = American Society for Testing and Materials RCRA = Resource Conservation and Recovery Act
EPA = U.S. Environmental Protection Agency SVOC = Semivolatile organic compound
HASL = Health and Safety Laboratory VOC = Volatile organic compound
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A.3.1 Total VOC and SVOCs

Volatile organics compounds and SVOCs were detected in samples throughout the muckpile, in
the native soils, and in the background samples at levels above the method detection limit.

No VOCs or SVOCs were detected above the action levels established in the CAIP

(DTRA, 2000a).

A.3.2 Total Petroleum Hydrocarbons

Of the TPH-DRO detections, there were four that exceeded the action levels. Concentrations
detected in the samples ranged from 110 mg/kg to 1,200 mg/kg. All of the locations were

shallow subsurface.

A.3.3 Total RCRA Metals Results

If the total metals result for a specific metal divided by 20 exceeded the maximum concentration
of contamination (MCC) for the toxicity characteristic (40 CFR 261.24 [CFR, 1996]), the sample
was reanalyzed using Toxicity Characteristic Leaching Procedure (TCLP) protocols to determine
if the contaminant level of the leachate would exceed the MCC. Eight samples were reanalyzed

using TCLP protocols, and the results are reported in Table A.3-3.

Arsenic was the only metal detected at levels exceeding the industrial Preliminary Remediation
Goal (PRG) (2.7 mg/kg) in 36 of the 57 soil samples collected, including one of the background
samples. However, these concentrations were below the average concentration of 23 mg/kg for
the NTS (Moore, 1999).

A.3.4 Radiological Results

Analytical results for soils from the muckpile and native soils beneath the muckpile reported in
Table A.3-4 indicate naturally occurring isotopes or isotopes in concentrations that were not
statistically significant when compared to background. Several isotopes associated with
weapons testing were found in the surface soils of the muckpile in concentrations greater than
background. These isotopes included Cs-137, Am-241, Pu-238, Pu-239, Sb-125, and Sr-90.
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Table A.3-3
VOCs, SVOCs, Total Metals, and TCLP Metals Detects for the T-Tunnel Muckpile Investigation
(Page 1 of 3)

Units PAL Background No. of Susr(fj?lce No. of Skjﬂzzigﬁge No. of Native No. of QA/QC No. of
Range Detects Range Detects Range Detects Range Detects Range Detects
Volatile Organic Compounds
1,1-Dichloroethene pg/kg 410,000 1.1-1.3 2 1.1-13 3
1,2,3-Trichlorobenzene pa’kg 220,000 1.4 1
1,2,4-Trichlorobenzene pg/kg 220,000 1.2 1
1,2,4-Trimethylbenzene pa’kg 170,000 1 1
4Methyl-2Pentanone pg/kg 47,000,000 2.7 1 2 1
Acetone pg/kg | 54,000,000 25 1 9.4 -21 8 8.6-19 5
Acetone pg/L 54,000,000 10-16 5
Bromodichloromethane pg/L 1,800 3.3-46 5
Chloroethane ug/L 6,500 0.74-0.79 3
Chloroform pg/L 470 49-76 5
Chloromethane pg/L 160,000 29-41 4
Dibromochloromethane pg/L 2,600 0.89-1.2 5
Naphthalene pa’kg 190,000 1.6 1
Naphthalene pg/L 190,000 0.67-0.76 3
N-Butylbenzene pa’kg 240,000 0.88 1
Toluene pg/kg 520,000 0.9 1
Trichloroethene pa’kg 110 0.49-0.76 2
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Table A.3-3
VOCs, SVOCs, Total Metals, and TCLP Metals Detects for the T-Tunnel Muckpile Investigation
(Page 2 of 3)
Units PAL Background No. of Susr(fj?lce No. of Skjﬂzzigﬁge No. of Native No. of QA/QC No. of
Range Detects Range Detects Range Detects Range Detects Range Detects
Semivolatile Compounds
Trichlorotrifluoroethane pg/kg 2,000,000 1-11 2 0.8-0.96 2
Benzoic Acid pg/kg | 100,000,000 270 1
Bis(2-ethylhexyl)phthalate | pg/kg 120,000 350 1
Bis(2-ethylhexyl)phthalate pg/L 120,000 19 - 61 2
Di-n-butylphthalate ug/kg | 62,000,000 26,000 1
Petroleum Hydrocarbons
Diesel-range organics mg/kg 100 25-1,200 5 22 - 330 6 47 1
Metals (Total RCRA or TCLP)
Arsenic mg/kg 23 2-38 3 22-58 9 1.6-13 24 12-7.2 20
Arsenic (TCLP) ug/L 5 0.037 - 0.04 2 0.072-0.17 2
Barium (total) mg/kg 67,000 78 - 110 3 44 - 4,500 9 19 - 3300 24 30 - 200 21
Barium (TCLP) pg/L 100 0.2-0.27 3 0.19-0.23 3
Cadmium mg/kg 450 0.046 - 0.088 3 0.05-0.24 9 0.04-04 7
Chromium (total) mg/kg 450 35-6 3 0.98 - 12 9 0.42 - 11 20 0.57-10 18
Chromium (TCLP) pg/L 5 0.028 - 0.041 4
Chromium (water) pg/L 29 0.0048 1
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Table A.3-3
VOCs, SVOCs, Total Metals, and TCLP Metals Detects for the T-Tunnel Muckpile Investigation
(Page 3 of 3)
. Background No. of Surfa}ce No. of Subsurfgce No. of Native No. of QA/QC No. of
Units PAL Soil Muckpile
Range Detects Detects Detects Range Detects Range Detects
Range Range
Lead (total) mg/kg 800 9.1-12 3 6.2-63 9 3-210 24 27-18 21
Lead (TCLP) mg/L 5 0.29-7.9 4
Mercury mg/kg 310 0.079 1
Selenium mg/kg 5,100 0.61 1 0.62-4.1 5 06-15 3
Selenium (TCLP) pg/L 1 0.043 1
Silver mg/kg 5,100 0.31-0.32 2 0.47-2.4 2 0.18-0.8 5

mg/kg = Milligrams per kilogram
mg/L = Milligrams per liter

PAL = Preliminary action level
QA = Quality assurance

QC = Quality control

RCRA = Resource Conservation and Recovery Act
TCLP = Toxicity Characteristic Leaching Procedure

pg/kg = Micrograms per kilogram

ug/L = Micrograms per liter
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Table A.3-4
Radionuclide Detects for the T-Tunnel Muckpile Investigation
Radionuclide Units PAL Backgrouand No. of Surface No. of Skjﬂzscllj(gﬁge No. of Nativeb No. of
Range Detects Soil Range Detects Range Detects Range Detects
Actinium-228 pCilg 5 211-3.2 3 1.99 -3.9 6 1.36 - 3.92 21 149-58 19
Americium-241 pCilg 12.7 2.8 1 0.62 1
Bismuth-212 pCilg 5 3.2 2 5.6 1
Bismuth-214 pCi/g 5 1.16-24 3 1.67 1 0.92-2.09 17 1.1-3.22 18
Cobalt-60 pCilg 27 1.76 1
Cesium-137 pCi/g 12.2 1.14-13.5 2 0.93 - 382 7 0.58 1
Potassium-40 pCilg N/A 30.1-32.2 3 23.7-34.6 9 25.3-49 24 22.2-40.2 21
Lead-212 pCi/g 5 212-2.76 3 0.96 - 3.27 8 0.88 - 3.54 24 1.29-4.95 21
Lead-214 pCilg 5 1.27 -1.59 3 0.82-23 4 0.9-2.08 17 1.13-2.96 21
Plutonium-238 pCi/g 13 0.307 - 1.03 2 0.179 - 0.91 3
Plutonium-239 pCilg 12.7 0.095-9.6 3 0.54 -2.87 3
Antimony-125 pCi/g 18.1 3 1
Strontium-90 pCilg 838 1.13 1 2.27-13 3
Thallium-208 pCilg 5 0.7-0.88 3 0.41-0.64 4 0.6-1.15 22 0.64 - 1.45 20

#Background range of isotopes from three undisturbed samples collected during the investigation.
bRange of isotopes found in native soils beneath the muckpile.

N/A = Not applicable

PAL = Preliminary action level
pCi/g = Picocuries per gram
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A.4.0 Quality Assurance

The following text outlines the results of the QA/QC activities. Detailed information on the
QA program for this CAI is contained in the Industrial Sites QAPP (DOE/NV, 1996).

Quality control results are typically discussed in terms of the five PARCC parameters (precision,
accuracy, representativeness, completeness, and comparability) as described in the following
sections. The data met the QA requirements and are considered acceptable to support the
conclusions presented in this CADD/CR.

A.4.1 Precision

Precision is a quantitative measure of the variability of a group of measurements from their
average value. Precision is assessed for inorganic analyses by collecting and analyzing duplicate
field samples and comparing the results with the original sample. Precision is also assessed by
creating, preparing, analyzing, and comparing laboratory duplicates from one or more field
samples for inorganic analyses. For organic analyses, results are compared to the MS/MSD
results. Precision is reported as relative percent difference (RPD) which is calculated as the
difference between the measured concentrations of duplicate samples, divided by the average of
the two concentrations, and multiplied by 100. Any deviations from these requirements have
been documented and explained and the related data qualified accordingly. The qualification

process is described in Section A.4.6 and Appendix C of this report.

A.4.2 Accuracy

Accuracy is defined as the nearness of a measurement to the true or accepted reference value. It
is the composite of the random and systematic components of the measurement system and
measures bias in a measurement system. The random component of accuracy is measured and
documented through the analyses of spiked samples. Sampling accuracy is assessed by
evaluating the results of spiked samples and laboratory control samples. Accuracy
measurements are calculated as percent recovery by dividing the measured sample concentration

by the true concentration and multiplying the quotient by 100.

Field accuracy is assessed by confirming that the documents of record track the sample from
origin, through transfer of custody, to disposal. The goal of field accuracy is for all samples to
be collected from the correct locations at the correct time, placed in a correctly labeled container

with the correct preservative, and sealed with custody tape to prevent tampering. All samples
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collected for this sampling event were properly collected and forwarded to the laboratory as

described above.

A.4.3 Representativeness

Representativeness expresses the degree to which sample data accurately and precisely represent
a characteristic of a population, parameter variations at a sampling point, or an environmental
condition (EPA, 1987). Sample representativeness was achieved through the implementation of
a sampling program designed to ensure proper sampling locations, number of samples, and the
use of validated analytical methods. Representativeness was assessed through analysis of
duplicate samples. Representativeness of the samples taken in this sampling event was assured
by collecting the required samples shown in Table A.3-1 and by analyzing them using the
approved analytical methods shown in Table A.3-2.

A.4.4 Completeness

Completeness is defined as the percentage of measurements made that are judged to be valid.

A sampling and analytical requirement with 90 percent confidence level was established for this
project (DTRA, 2000a). The sampling and analytical program were executed in accordance with
approved field sampling instructions (DTRA, 2000b). The specified sampling locations were
used as planned. All specified samples were collected and all sample containers reached the
laboratory intact and properly preserved (when applicable). For all samples, sample temperature
was maintained during shipment to the laboratory, and sample chain of custody was maintained
during sample storage and/or shipment. A more detailed discussion of the data quality indicators

is presented in Appendix C.

A.4.5 Comparability

Comparability is a qualitative parameter expressing the confidence with which one dataset can
be compared to another (EPA, 1987). To ensure comparability, the CAU 476 field sampling
activities were performed and documented in accordance with approved procedures; a
standardized sampling approach and analytical methodology were used; and all samples were
collected per the CAIP (DTRA, 2000a). Approved standardized methods and procedures were
also used to analyze and report the data (e.g., EPA SW-846, “Contract Laboratory Program
Statement of Work” [CLP] [EPA, 1994b and c, and 1995] and/or CLP-like data packages). This

approach ensures that the data from this project can be compared to other datasets. Based on the
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minimum comparability requirements specified in the Industrial Sites QAPP (DOE/NV, 1996),

all requirements were met.

Sample-handling documentation, laboratory nonconformance reports, and the precision and
accuracy of QC sample results were evaluated for their effect on the results of the associated
environmental soil samples. The environmental sample results were then qualified according to
processes outlined in the following section. Documentation of the data qualifications resulting

from these reviews is retained in project files.

A.4.6 Data Evaluations

All laboratory data from samples collected at the T-Tunnel Muckpile have been evaluated for
data quality according to EPA Functional Guidelines (EPA, 1994a and 1999). These guidelines
were implemented in a tiered process and are presented in the following text. Modifications to
the laboratory-generated qualifiers were required to account for estimated values and associated
blank contamination. No data rejected during the data evaluation process were used to reach the
conclusions presented in the CADD. Only validated data, whether estimated (i.e., J-qualified) or

not, were used in reaching conclusions.

Changes resulting from the data evaluation process are documented in project files and
summarized in memoranda for each sample delivery group (SDG). These memoranda are

maintained in the project files.

A.46.1 Tierl

Tier I evaluation for chemical analysis examines (but is not limited to):

Sample count/type consistent with chain of custody
Analysis count/type consistent with chain of custody
Correct sample matrix

Significant problems stated in cover letter or case narrative
Completeness of certificates of analysis

Completeness of CLP or CLP-like packages

Completeness of signatures, dates, and times on chain of custody
Condition upon receipt variance form included

Requested analyses performed on all samples

Date received/analyzed given for each sample

Correct concentration units indicated

Correct detection limits achieved
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Electronic data transfer supplied
Results reported for field and laboratory QC samples
Whether or not the deliverable met the overall objectives of the project

Tier I data evaluations are summarized in a memorandum for each SDG showing results and

qualifiers that were changed and the reason for these changes.

A.46.2 Tierll

Tier II evaluation for chemical analysis examines (but is not limited to):

Sample date, preparation date, and analysis date for each sample
Holding time criteria met

QC batch association for each sample

Cooler temperature upon receipt

Sample pH for aqueous samples, as required

Detection limits properly adjusted for dilution, as required

Blank contamination evaluated and applied to sample results/qualifiers

Matrix spike/MSD percent recoveries (%R) and RPDs evaluated and applied to
laboratory results/qualifiers

Field duplicate RPDs evaluated and applied to laboratory results/qualifiers
Laboratory duplicate RPDs evaluated and applied to laboratory results/qualifiers
Surrogate %Rs evaluated and applied to laboratory results/qualifiers

Laboratory control sample %Rs evaluated and applied to laboratory results/qualifiers
Mass spectrometer tuning criteria

Initial and continuing calibration verification

Internal standard evaluation

Organic compound quantitation

Uncontrolled When Printed



CAU 476 CADD/CR
Appendix A
Revision: 0

Date: May 2007
Page A-23 of A-28

¢ Inductively coupled plasma (ICP) interference check sample evaluation
e (Graphite furnace atomic absorption QC

e ICP serial dilution effects

Tier II data evaluations are summarized in a memorandum for each SDG showing results and
qualifiers that were changed and the reason for these changes. None of the data qualifies were

changed as a result of the Tier II validation.

A.4.6.3 Tierlll

Additional data quality considerations included in EPA data review functional guidelines are
evaluated as a third party Tier Il review. Tier III review of chemical results include the

following additional evaluations:

e Recalculation of all laboratory results from raw data

Tier III review was performed on at least 5 percent of the analytical data. A report of the
findings has been issued and included in the project files. None of the data qualifies were

changed as a result of the Tier III validation.

A.4.7 Quality Control Samples

Twenty-seven QC samples (i.e., trip blanks, equipment rinsate blanks, field duplicates, and
MS/MSDs) were collected and submitted for laboratory analysis, as shown in Table A.3-1. The
blanks and duplicates were assigned individual sample numbers and sent to the laboratory
“blind.” Additional samples were selected by the laboratory to be analyzed as laboratory
replicates, duplicates, matrix duplicates, and MS/MSDs. Documentation related to the collection

and analysis of these samples is retained in project files.

A.4.7.1 Field Quality Control Samples

Equipment rinsate blanks were analyzed for the parameters listed on Table A.3-2 (trip blanks
were analyzed for VOCs only) and showed contamination associated with common laboratory
artifacts (acetone, methylene chloride, and phthalate esters as defined in the EPA Functional
Guidelines [EPA, 1994a and 1999]). These blank detections were used to qualify the results of

the associated environmental samples according to EPA Functional Guidelines.

Uncontrolled When Printed



CAU 476 CADD/CR
Appendix A
Revision: 0

Date: May 2007
Page A-24 of A-28

According to the EPA Functional Guidelines, no qualification action is taken if a compound is
found in an associated blank, but not in the sample, or if a compound is found in the sample, but
not in an associated blank. The action taken when a compound is detected in both the sample
and the associated blank varies depending upon the analyte involved and is known as “The
5X/10X Rule.”

For most VOCs, SVOCs, and TPH-DRO analyses, an analyte detected in the sample above the
instrument detection limits, that was also detected in an associated blank, is qualified as
undetected (U) if the sample concentration is less than five times (5X) the blank concentration.
For the common laboratory contaminants (methylene chloride, acetone, cyclohexane, 2-butanone
[methylethyl ketone], and phthalate esters [especially bis(2-ethylhexyl) phthalate]), the factor is
raised to ten times (10X) the blank concentration. The sample result is elevated to the
quantitation limit/sample detection limit, if it is not already reported at that level. For inorganics
(metals), sample results concentrations detected above the instrument detection limit but less
than five times (5X) the amount found in an associated blank are qualified as undetected (U).
There are no documented common metallic laboratory contaminants as compared to VOCs and

SVOCs, so the sample result is never altered using a “10X rule.”

Documentation of the data qualifications resulting from the application of these guidelines is
retained in project files as both hard copy and electronic media.

Three field duplicate soil samples were sent as blind samples to the laboratory to be analyzed for
the analytical parameters listed in Table A.3-2. For these samples, the duplicate results precision
(i.e., relative percent differences between the environmental sample results and their
corresponding field duplicate sample results) were compared to criteria set forth in the EPA
Functional Guidelines (EPA, 1994a and 1999), and the associated environmental sample results

were qualified accordingly.

The EPA Functional Guidelines give no required review criteria for field duplicate analyses
comparability, but allow the data reviewer to exercise professional judgment. Both detections
and nondetections are qualified as estimated (J and UJ, respectively) if the relative percent
difference between an environmental sample and its field duplicate fall outside established

criteria.

Three field samples were selected for use as MS/MSD samples. The %R of these samples

(a measure of accuracy) and the RPDs in these sample results (a measure of precision) were
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compared to EPA Functional Guideline (EPA, 1994a and 1999) criteria, and the results were

used to qualify associated environmental sample results accordingly.

The EPA Functional Guidelines for review of organic data state that no data qualification action
is taken on the basis of MS/MSD results alone. The data reviewer exercises professional
judgment in considering these results in conjunction with the results of laboratory control
samples and other QC criteria in applying qualifiers to the data. Generally, if recovery criteria
are greater than the upper acceptance limit, then positive sample results for the affected
compounds are qualified as estimated (J), and nondetections are not qualified. If recovery
criteria are less than the lower acceptance limit, then positive sample results for the affected
compounds are qualified as estimated (J) and nondetections are qualified as unusable (R). The
relative percent difference results of MS/MSD samples that fall outside established criteria are

applied to qualify detections and nondetections as estimated (J and UJ, respectively).

The EPA Functional Guidelines for inorganic data review allow professional judgment to be
applied in evaluating the results of matrix spikes (EPA, 1994a). Generally, if spike recoveries
are greater than the upper acceptance limit, nondetections are acceptable for use. If spike
recoveries are greater than the upper acceptance limit or less than the lower acceptance limit,
positive results are qualified as estimated (J). If spike recovery falls within the 30 to 74 percent,
nondetections are qualified as estimated (UJ), respectively. If spike recoveries are grossly low
(less than 30 percent), positive results are unqualified, and nondetections are unusable (R). The
relative percent difference between the environmental sample and its laboratory duplicate are
compared to established criteria to qualify detections and nondetections as estimated (J and U],

respectively).

A.4.7.2 Laboratory Quality Control Samples

Analysis of method QC blanks and laboratory control samples was performed for each parameter
analyzed by Paragon Analytics, Inc. In addition, laboratory duplicate analysis was performed on
several environmental samples per SDG. The results of these analyses were used to qualify
associated environmental sample results according to EPA Functional Guidelines (EPA, 1994a

and 1999), as discussed above.

A.4.8 Nonconformances and Field Deficiencies

No laboratory deficiencies were identified for this project. No field deficiencies were identified

for this project.
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A.5.0 Summary

Analysis of the data generated from sampling activities conducted during corrective action

investigation activities conducted at the T-Tunnel Muckpile indicates the following:

e Preliminary action levels were not exceeded for total VOCs or total SVOCs for any of the

samples collected at the T-Tunnel Muckpile site.

e Preliminary action levels were not exceeded for RCRA metals except arsenic. Arsenic
concentrations were detected above the industrial PRG levels in many samples collected
including the investigation background samples. However, these concentrations were
below the 23 mg/kg average for the NTS (Moore, 1999).

e Several isotopes associated with weapons testing were found in the surface soils of the
muckpile in concentrations greater than background. These isotopes included Cs-137,
Am-241, Pu-238, Pu-239, Sb-125, and Sr-90.

e Total petroleum hydrocarbons-DRO was detected at four locations near the surface in
concentrations that exceeded the preliminary action level. The maximum detected
concentration of TPH-DRO in any sample was 1,200 mg/kg. However, none of the
hazardous constituents found in TPH-DRO exceeded their PALs, so TPH-DRO is not
considered a COC.

In summary, the only COCs identified in the muckpile are the radionuclides Cs-137, Am-241,
Pu-238, Pu-239, Sb-125, and Sr-90.
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B.1.0 Data Quality Objective Process and
Methodology

Note: These DQOs were presented in the CAU 476 CAIP issued March 2, 2000. This was the

second muckpile characterization conducted by DTRA.
The use of DQOs is part of the technical strategy found in Appendix VI of the FFACO (1996).

The DQO process is a systematic planning tool used to establish criteria for data quality and for
developing the T-Tunnel Muckpile data collection program. This iterative, seven-step process
results in a design to collect the right type, quality, and quantity of data needed to support a
course of action for the site. The DQOs are designed to provide a means to determine what type
of data need to be collected, and to ensure that the data collected are scientifically sound,
defensible, and of documented quality. The DQOs are used to design a data collection program
that will satisfy these goals. The DQOs described in this CAIP were modeled after those
established for the N-Tunnel CAIP (DTRA, 1999).

The seven steps in the DQO process are:

Statement of the problem
Identification of the decision
Identification of inputs to the decision
Definition of study boundaries
Determination of decision rules
Specification of decision error limits
Optimization of the design

The seven steps and their application to the T-Tunnel Muckpile are described in the following

subsections.

B.1.1 Problem Statement

The problem is to determine whether materials comprising the T-Tunnel Muckpile contain

COPC:s at sufficiently high concentrations and volumes to require a corrective action.

B.1.2 Definition of the Decision

The primary decision is whether concentrations of COPCs in the muckpile exceed the EPA
Region IX PRGs for Industrial Sites (EPA, 1999), contain TPH contamination at levels
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exceeding the NAC limits, or contain radioactive contamination exceeding background levels or
above levels listed in Off-Site Radiation Exposure Review Project (ORERP), Phase Il Soils

Programs (McArthur and Miller, 1989).

B.1.3 Identification of Inputs to the Decision

Decisions regarding the sampling approach depend foremost upon a reasonable conceptual
model (Section 3.1 of the T-Tunnel CAIP [DTRA, 2000]). The conceptual model provides a
basis for developing an approach to the investigation and, ultimately, the course of action that
will be taken for the site. The conceptual model of the muckpile will be tested using
environmental sampling. This sampling program is described in more detail in Section 4.0 of the
T-Tunnel CAIP (DTRA, 2000). If successful, the model will also serve as a guide to decisions

concerning a subsequent course of action, if one is needed for the site.

B.1.4 Definition of Study Boundaries

The physical boundaries of the study area are defined in the x and y dimensions by the area
extent of the T-Tunnel Muckpile. These boundaries are identifiable based on an inspection of
the site, and by comparing DTRA’s historical aerial photograph of the T-Tunnel area with the
Rainier Mesa 7.5-minute scale topographic map (USGS, 1986). In the vertical (z) dimension, the
study area extends to native material depending on whether it is bedrock or alluvium. The study
area also includes background sample locations outside, but adjacent to, the muckpile

boundaries.

B.1.5 Determination of Decision Rules

The laboratory analytical results will provide information to assist in determining the need for
further action, if any, required at this site. Further action may be needed if sufficient quantities
of COPCs are identified above the following PALs:

e 100 mg/kg TPH in soil, per the “Water Controls” (NAC, 1999)
e EPA Region IX PRGs (EPA, 1999) for industrial soils

¢ Radionuclide activities above natural background levels or above levels listed in the
ORERP, Phase II Soils Programs Report (McArthur and Miller, 1989)
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For any COCs not addressed by the above standards, site-specific concentration limits will be
derived based on the proposed RCRA Subpart S rules for corrective actions (Federal

Register, 1990).

B.1.6 Specification on Decision Error Limits

The baseline condition, or null hypothesis, assumed for this site is that COPCs above action
levels will be identified in the muckpile. The alternate hypothesis is that COPCs above action
levels will not be identified. Based on these hypotheses, there are two types of decision errors
are possible in implementing the CAIP. These errors are described as a false positive and a false

negative. The CAIP was designed to minimize both types of errors.

The consequences of a false positive are: (1) that the corrective action could be needlessly
expanded or encompass a greater quantity of media than is necessary, and (2) media incorrectly
judged to be contaminated could be treated as regulated waste rather than unregulated waste.

Both of these consequences could lead to increased corrective action and waste disposal costs.

The consequences of a false negative are: (1) regulated contaminants might not be appropriately
addressed by corrective action or treatment activities, (2) contamination could remain in place,
and (3) contaminated media might be disposed of improperly. These consequences could result
in unacceptable risks to human health and the environment and potential fines from regulatory

agencies.

The sampling program for T-Tunnel Muckpile was designed to provide preliminary data to allow
statistical determination of whether enough samples were collected to sufficiently characterize
the site. The determination will be made using the procedures described in Chapter 9 of the EPA
publication SW-846, Test Methods for Evaluating Solid Waste, Physical/Chemical Methods
(EPA, 1996). The mean concentration (or activity) and standard deviation of each targeted
analyte in the muckpile soils was used to calculate the number of samples necessary to make the

determination with a 90 percent confidence level.

B.1.7 Optimization of the Design for Obtaining Data

The sampling program has been optimized by determining the location and number of samples to
collect and by determining which parameters should be analyzed. The COPCs for CAU 476 are
TPH-DRO, VOCs, SVOCs, RCRA metals, and radionuclides. All environmental samples will
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be analyzed for these parameters, with the exception of the background samples which will be

analyzed for radionuclides and RCRA metals.

Sample locations identified on the surface of the muckpile are biased to reflect areas where work
processes may have impacted the muckpile surface soils. All areas of the T-Tunnel Muckpile
near surface and subsurface will not have the same potential for radionuclide contamination, and
therefore will not require the same level of survey coverage in order to achieve the required

90 percent confidence level. The resources necessary to investigate the muckpile are more
efficiently utilized by a survey designed so areas with higher potential for contamination will
receive a higher degree of sampling effort. Additionally, field-screening results for VOCs and

radionuclides will be used to identify potentially contaminated media from the boreholes.
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C.1.0 Data Assessment

Note: After the characterization was completed and the initial CAI summary and CADD were
prepared, some of the guidance documents were updated. The data assessment has been updated

to comply with the updated documents and new PALs.

The DQA process is the scientific evaluation of the investigation results to determine whether the
DQO criteria established in the CAU 476 CAIP were met and whether the DQO decisions can be
supported at the desired level of confidence. The DQO process ensures that the right type,
quality, and quantity of data will be available to support the resolution of the decisions at an
appropriate level of confidence. Using both the DQO and DQA processes helps to ensure that
the DQO decisions are sound and defensible, and that the 90 percent level of confidence agreed
to in the CAIP was achieved.

The DQA involves five steps that begin with a review of the DQOs and end with an answer to

the DQO decisions. The five steps are briefly summarized below.

Step 1: Review the DQOs and Sampling Design — Review the DQO process to provide context
for analyzing the data. State the primary statistical hypotheses; confirm the limits on the
decision errors for committing false rejection (Type I) or false acceptance (Type II) decision

errors; and review any special features, potential problems, or deviations to the sampling design.

Step 2: Conduct a Preliminary Data Review — The preliminary data review involves reviewing
QA reports and inspecting the data both numerically and graphically, validating and verifying the
data to ensure that the measurement systems performed in accordance with the criteria specified,

and using the validated data to determine whether the quality of the data is satisfactory.

Step 3: Select the Test — Select the test based on the population of interest, population
parameter, and the hypotheses. Identify the key underlying assumptions that could cause a
change in one of the DQO decisions.

Step 4: Verify the Assumptions — Perform tests of assumptions. If data are missing or are

censored, determine the impact on the DQO decision error.

Step 5: Draw Conclusions from the Data — Perform the calculations required for the test.
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C.1.1 Review the DQOs and Sampling Design

This section contains a review of the DQO process presented in the CAU 476 CAIP
(DTRA, 2000) and Appendix B of this document. The DQO decisions are presented with the
DQO provisions for limiting false negative or false positive decision errors. Special features,

potential problems, or any deviations from the sampling design are also presented.

C.1.1.1 Review DQOs

The decision statement as presented in the CAU 476 CAIP is: “Whether concentrations of
COPCs in the muckpile exceed the EPA Region 9 Preliminary Remediation Goals for Industrial
Sites (EPA, 2004), contain TPH contamination at levels exceeding the Nevada Administrative
Code limits, or contain radioactive contamination exceeding background levels or the levels
listed in the Off-Site Radiation Exposure Review Project, Phase II Soils Programs Report
(McArthur and Miller, 1989).”

DOQO Provisions To Limit False Negative Decision Error

A false negative decision error (where consequences are more severe) was controlled by meeting

the following criteria:

1. Having a high degree of confidence that the combination of random and biased sampling
strategies will identify COCs if present in the CASs.

2. Having a high degree of confidence that analyses conducted will be sufficient to detect
any COCs present in the samples.

3. Having a high degree of confidence that the data are of sufficient quality and
completeness.

Criterion 1:

The following methods (stipulated in the CAU 476 DQOs [DTRA, 2000] and agree to by NDEP)

were used in selecting the sample locations:

¢ Random locations to collect soil samples from the muckpile.

e Biased locations based on professional judgment and site knowledge to collect soil
samples from the muckpile.
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This provides a high degree of confidence that sampling will detect any COCs that may be

present.
Criterion 2:

All samples were analyzed using the analytical methods listed in Table D-1 of the CAIP.
Table C.1-1 provides a reconciliation of environmental samples analyzed to the planned
analytical program. Samples were analyzed for all of the analytical methods specified in the
CAIP (DTRA, 2000).

Table C.1-1
CAU 476 Number of Soil Samples Submitted per Analyte
Analytes
> o
m o o | oE e
s | 8| E e | €3 | 82 | E
Q aQ s o o< 3
@) o . '.G__)' S sl - O =
S > I s © s o + c
(7)) o (L) n 3 o)
= s - =
N )]
Muckpile Soil 22 22 22 22 22 5 5
Native Soil 20 20 20 20 20 4 4
Biased Shallow Soll 9 9 9 9 9 5 5
Background 0 0 0 3 3 3 3

DRO = Diesel-range organics

SVOC = Semivolatile organic compound
TPH = Total petroleum hydrocarbons
VOC = Volatile organic compound

Sample results were assessed against the DQI of sensitivity as defined in the Industrial Sites
QAPP (NNSA/NV, 2002). The sensitivity acceptance criteria defined in the CAIP is that
analytical detection limits will be less than the corresponding action level. This goal was not
achieved for the chemical analyses listed in Table C.1-2. All radiological analytes met the
sensitivity goal. Results not meeting the sensitivity goal were not used in making DQO

decisions and will therefore be considered as rejected data.
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Sample Number Parameter Result Delf(iar%tilton 2004 Industrial
(Hg/kg) (ug/kg) PRG (ug/kg)
TS-18-3.0 Benzo(a)Pyrene 4,100 1,600 210
TS-S1-0.5 Benzo(a)Pyrene 4,000 1,500 210
TS-18-3.0 Benzo(b)Fluoranthene 4,100 2,200 2,100
TS-S1-0.5 Benzo(b)Fluoranthene 4,000 2,100 2,100
QTS-05-24 Dibenzo(a,h)Anthracene 430 240 210
QTS-06-12 Dibenzo(a,h)Anthracene 400 230 210
TS-02-56.5 Dibenzo(a,h)Anthracene 370 210 210
TS-02-8.5 Dibenzo(a,h)Anthracene 420 240 210
TS-03-09 Dibenzo(a,h)Anthracene 420 240 210
TS-03-61.5 Dibenzo(a,h)Anthracene 370 210 210
TS-04-36.5 Dibenzo(a,h)Anthracene 410 240 210
TS-04-63.5 Dibenzo(a,h)Anthracene 370 210 210
TS-04A-58 Dibenzo(a,h)Anthracene 430 240 210
TS-04A-68.5 Dibenzo(a,h)Anthracene 370 210 210
TS-05-24 Dibenzo(a,h)Anthracene 430 240 210
TS-05-51.5 Dibenzo(a,h)Anthracene 360 210 210
TS-06-12 Dibenzo(a,h)Anthracene 400 230 210
TS-06-47.5 Dibenzo(a,h)Anthracene 390 220 210
TS-07-13 Dibenzo(a,h)Anthracene 420 240 210
TS-08-22 Dibenzo(a,h)Anthracene 430 250 210
TS-08-38 Dibenzo(a,h)Anthracene 370 210 210
TS-09-30 Dibenzo(a,h)Anthracene 450 260 210
TS-09-35 Dibenzo(a,h)Anthracene 380 220 210
TS-09-46 Dibenzo(a,h)Anthracene 390 220 210
TS-10-12 Dibenzo(a,h)Anthracene 410 230 210
TS-10-50 Dibenzo(a,h)Anthracene 370 210 210
TS-11-31.5 Dibenzo(a,h)Anthracene 400 230 210
TS-11-39.5 Dibenzo(a,h)Anthracene 430 240 210
TS-11-51.5 Dibenzo(a,h)Anthracene 370 210 210
TS-12-14 Dibenzo(a,h)Anthracene 400 230 210
TS-12-24.5 Dibenzo(a,h)Anthracene 370 210 210
TS-13-14 Dibenzo(a,h)Anthracene 390 220 210
TS-13-41 Dibenzo(a,h)Anthracene 370 210 210
TS-14-08 Dibenzo(a,h)Anthracene 400 230 210
TS-14-24 Dibenzo(a,h)Anthracene 370 210 210
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Table C.1-2
Chemical Analytes Failing Sensitivity Criteria for CAU 476
(Page 2 of 2)
Sample Number Parameter Result Delf(iar%tilton 2004 Industrial
(Hg/kg) (ug/kg) PRG (ug/kg)
TS-15-11.5 Dibenzo(a,h)Anthracene 410 240 210
TS-15-29 Dibenzo(a,h)Anthracene 380 210 210
TS-16-11 Dibenzo(a,h)Anthracene 380 220 210
TS-16-17 Dibenzo(a,h)Anthracene 380 220 210
TS-17-25 Dibenzo(a,h)Anthracene 370 210 210
TS-17-9.5 Dibenzo(a,h)Anthracene 400 230 210
TS-18-20 Dibenzo(a,h)Anthracene 420 240 210
TS-18-3.0 Dibenzo(a,h)Anthracene 4,100 2,300 210
TS-19-35 Dibenzo(a,h)Anthracene 410 230 210
TS-19-4.0 Dibenzo(a,h)Anthracene 400 230 210
TS-20-20 Dibenzo(a,h)Anthracene 410 230 210
TS-S1-0.5 Dibenzo(a,h)Anthracene 4,000 2,300 210
TS-S1-2.5 Dibenzo(a,h)Anthracene 420 240 210
TS-S2-0.5 Dibenzo(a,h)Anthracene 400 230 210
TS-S3-01 Dibenzo(a,h)Anthracene 410 230 210
TS-S4-0.5 Dibenzo(a,h)Anthracene 420 240 210
TS-S5-0.5 Dibenzo(a,h)Anthracene 400 230 210
TS-S6-0.5 Dibenzo(a,h)Anthracene 400 230 210
TS-S7-01 Dibenzo(a,h)Anthracene 420 240 210
TS-18-3.0 Hexachlorobenzene 4,100 1,700 1,100
TS-S1-0.5 Hexachlorobenzene 4,000 1,700 1,100
TS-18-3.0 Indeno(1,2,3-cd)Pyrene 4,100 2,400 2,100
TS-S1-0.5 Indeno(1,2,3-cd)Pyrene 4,000 2,400 2,100
TS-08-22 N-Nitroso-Di-N-Propylamine 430 250 250
TS-09-30 N-Nitroso-Di-N-Propylamine 450 260 250
TS-18-3.0 N-Nitroso-Di-N-Propylamine 4,100 2,300 250
TS-S1-0.5 N-Nitroso-Di-N-Propylamine 4,000 2,300 250

PRG = Preliminary remediation goal
pg/kg = Micrograms per kilogram

Criterion 3:

To satisfy the third criterion, the entire dataset, as well as individual sample results, were

assessed against the acceptance criteria for the DQIs of precision, accuracy, comparability,

completeness, and representativeness, as defined in the Industrial Sites QAPP
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(NNSA/NV, 2002). The DQI acceptance criteria for precision and accuracy are defined in
Table D-1 of the CAIP (DTRA, 2000). The acceptance criteria for comparability, completeness,
and representativeness are not specified in the CAIP. As presented in the following sections, the

goals were met for each DQI except as noted.

Precision

The duplicate precision is evaluated using the relative percent difference (RPD) or normalized
difference. For the purpose of determining the data precision of chemical analyses, the RPD
between duplicate analyses was calculated. For radionuclides, the RPD was not calculated
unless both the sample and its duplicate had a concentration of the target radionuclide exceeding
five times their minimum detectable concentration. Otherwise, radionuclide duplicate results
were evaluated using the normalized difference. No chemical analytes or radionuclides were

qualified for precision.

Because all of the constituents exceed the acceptance criteria for precision, the dataset is

determined to be acceptable for the DQI of precision.

Accuracy

For the purpose of determining data accuracy of sample analyses, environmental soil samples
were evaluated and incorporated into the accuracy calculation. The VOC and SVOC results
qualified for accuracy were associated with MS and surrogate percent recoveries exceeding the
QC limits. The samples that were qualified because of the MS recoveries are all biased high.
Because the results are below the action level, there is no impact on the decision making process.
The results qualified for surrogate percent recovery could be biased either high or low, but
because the results (although estimated) are all significantly less than the action level, there is no
reason to believe the estimated result will impact the decision making process. Table C.1-3

provides the evaluation results for the constituents qualified for accuracy.
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Number of Number of Percent
Parameter NLcl:rﬁt?er Uspee:nz?st Analys_es Measurements W!thin
Qualified Performed Criteria

1,1,1,2-Tetrachloroethane 630-20-6 VOCs 7 54 87
1,1,1-Trichloroethane 71-55-6 VOCs 7 54 87
1,1,2,2-Tetrachloroethane 79-34-5 VOCs 7 54 87
1,1,2-Trichloroethane 79-00-5 VOCs 7 54 87
1,1-Dichloroethane 75-34-3 VOCs 7 54 87
1,1-Dichloroethene 75-35-4 VOCs 7 54 87
1,1-Dichloropropene 563-58-6 VOCs 7 54 87
1,2,3-Trichlorobenzene 87-61-6 VOCs 7 54 87
1,2,3-Trichloropropane 96-18-4 VOCs 7 54 87
1,2,4-Trichlorobenzene 120-82-1 SVOCs 7 54 87
1,2,4-Trichlorobenzene 120-82-1 VOCs 7 54 87
1,2,4-Trimethylbenzene 95-63-6 VOCs 7 54 87
1,2-Dibromo-3-Chloropropane 96-12-8 VOCs 7 54 87
1,2-Dibromoethane 106-93-4 VOCs 7 54 87
1,2-Dichlorobenzene 95-50-1 SVOCs 7 54 87
1,2-Dichlorobenzene 95-50-1 VOCs 7 54 87
1,2-Dichloroethane 107-06-2 VOCs 7 54 87
1,2-Dichloropropane 78-87-5 VOCs 7 54 87
1,3,5-Trimethylbenzene 108-67-8 VOCs 7 54 87
1,3-Dichlorobenzene 541-73-1 SVOCs 7 54 87
1,3-Dichlorobenzene 541-73-1 VOCs 7 54 87
1,3-Dichloropropane 142-28-9 VOCs 7 54 87
1,4-Dichlorobenzene 106-46-7 SVOCs 7 54 87
1,4-Dichlorobenzene 106-46-7 VOCs 7 54 87
1-Chlorohexane 544-10-5 VOCs 7 54 87
2,2-Dichloropropane 594-20-7 VOCs 7 54 87
2-Butanone 78-93-3 VOCs 7 54 87
2-Chlorotoluene 95-49-8 VOCs 7 54 87
2-Hexanone 591-78-6 VOCs 7 54 87
4-Chlorotoluene 106-43-4 VOCs 7 54 87
4-Methyl-2-Pentanone 108-10-1 VOCs 7 54 87
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Table C.1-3
Accuracy Measurements
(Page 2 of 3)

Parameter NLcl:rﬁt? er Uspee:nz?st l\,lAunna]llbyirer Mé\laL;TFeerL gr]:ts PVS |rtch?rr: t

Qualified Performed Criteria
Acetone 67-64-1 VOCs 7 54 87
Bromobenzene 108-86-1 VOCs 7 54 87
Bromochloromethane 74-97-5 VOCs 7 54 87
Bromodichloromethane 75-27-4 VOCs 7 54 87
Bromoform 75-25-2 VOCs 7 54 87
Bromomethane 74-83-9 VOCs 7 54 87
Carbon Disulfide 75-15-0 VOCs 7 54 87
Carbon Tetrachloride 56-23-5 VOCs 7 54 87
Chloroethane 75-00-3 VOCs 7 54 87
Chloroform 67-66-3 VOCs 7 54 87
Chloromethane 74-87-3 VOCs 7 54 87
Cis-1,2-Dichloroethene 156-59-2 VOCs 7 54 87
Cis-1,3-Dichloropropene 10061-01-5 VOCs 7 54 87
Dibromochloromethane 124-48-1 VOCs 7 54 87
Dibromomethane 74-95-3 VOCs 7 54 87
Dichlorodifluoromethane 75-71-8 VOCs 7 54 87
Ethylbenzene 100-41-4 VOCs 7 54 87
Hexachlorobutadiene 87-68-3 SVOCs 7 54 87
Hexachlorobutadiene 87-68-3 VOCs 7 54 87
lodomethane 74-88-4 VOCs 7 54 87
Isopropylbenzene 98-82-8 VOCs 7 54 87
M+P-Xylene 136777-61-2 VOCs 7 54 87
Methyl Tertiary Butyl Ether 1634-04-4 VOCs 7 54 87
Methylene Chloride 75-09-2 VOCs 7 54 87
N-Butylbenzene 104-51-8 VOCs 7 54 87
N-Propylbenzene 103-65-1 VOCs 7 54 87
Naphthalene 91-20-3 SVOCs 7 54 87
Naphthalene 91-20-3 VOCs 7 54 87
O-Xylene 95-47-6 VOCs 7 54 87
P-Isopropyltoluene 99-87-6 VOCs 7 54 87
Sec-Butylbenzene 135-98-8 VOCs 7 54 87
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Table C.1-3
Accuracy Measurements
(Page 3 of 3)
Parameter NEQS er Uspeénz?st l\'lAunr‘r;lt;grer Mé\laL;TFeerL gr]:ts va |rtch?rr: t
Qualified Performed Criteria
Styrene 100-42-5 VOCs 7 54 87
Tert-Butylbenzene 98-06-6 VOCs 7 54 87
Tetrachloroethene 127-18-4 VOCs 7 54 87
Trans-1,2-Dichloroethene 156-60-5 VOCs 7 54 87
Trans-1,3-Dichloropropene 10061-02-6 VOCs 7 54 87
Trichlorofluoromethane 75-69-4 VOCs 7 54 87
Trichlorotrifluoroethane 76-13-1 VOCs 7 54 87
Vinyl Acetate 108-05-4 VOCs 7 54 87
Vinyl Chloride 75-01-4 VOCs 7 54 87
Benzene 71-43-2 VOCs 14 54 741
Chlorobenzene 108-90-7 VOCs 14 54 741
Toluene 108-88-3 VOCs 14 54 74.1
Trichloroethene 79-01-6 VOCs 14 54 741

CAS = Chemical Abstracts Service
SVOC = Semivolatile organic compound
VOC = Volatile organic compound

All of the VOC concentrations that qualified for accuracy still exceeded the 80 percent accuracy
criteria specified in the QAPP except for benzene, chlorobenzene, toluene, and trichloroethene.
These constituents only had an accuracy rate of 74 percent. However, all of these constituents,
except for two trichloroethene samples, were listed as non-detects with detection limits between
0.0012 and 5 percent of the PAL. The two trichloroethene samples had estimated concentrations
0f 0.49 and 0.76 micrograms per kilogram (pg/kg), which are 0.45 and 0.69 percent of the PAL.
This makes the likelihood of a false negative having an actual concentration above the PAL very
small; therefore, these data can still be used to support the DQO decisions. None of the analytes
qualified were considered to be suspected contaminants for this site. As the accuracy rate for all
of the other constituents exceeds the acceptance criteria, the dataset is determined to be

acceptable for the DQI of accuracy.

Representativeness
The DQO process, as identified in Section 3.0 of the CAU 476 CAIP (DTRA, 2000), was used to

address sampling and analytical requirements for CAU 476. During this process, appropriate
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locations were selected that enabled the samples collected to be representative of the population
parameters identified in the DQO (random locations and biased locations that were most likely to
encounter contamination). Therefore, the analytical data acquired during the CAU 476 CAI are

considered to be representative of the population parameters.

Comparability
Field sampling, as described in the CAU 476 CAIP (DTRA, 2000), was performed and

documented in accordance with approved procedures that are comparable to standard industry
practices. Approved analytical methods and procedures were used to analyze, report, and
validate the data. These are comparable to other methods used not only in industry and
government practices, but most importantly are comparable to other investigations conducted at
the NTS. Therefore, project datasets are considered comparable to other datasets generated
using these same standardized DOE procedures, thereby meeting the DQO requirements. Also,
standard, approved field and analytical methods ensure that data were appropriate for

comparison to the investigation action levels specified in the CAIP (DTRA, 2000).

Completeness
The CAU 476 CAIP (DTRA, 2000) did not define criteria for completeness; therefore, the

criteria of 80 percent of CAS-specific non-critical analytes identified in the CAIP having valid
results and 100 percent of critical analytes having valid results will be used for the CAU 476
evaluation. Also, the dataset must be sufficiently complete to be able to support the DQO
decisions. Critical analytes for CAU 476 were not defined, so the COCs identified from other
investigated NTS muckpiles (arsenic, lead, TPH-DRO, Pu-239, Cs-137, and Co-60) have been
defined as the critical analytes for CAU 476.

Rejected data (either qualified as rejected or data that failed the criterion of sensitivity) were not
used in the resolution of DQO decisions and are not counted toward meeting the completeness
acceptance criterion. The completeness for all critical chemical and radiological data was

100 percent; therefore, the dataset is considered complete for purposes of supporting the DQO

decisions.

DQO Provisions To Limit False Positive Decision Error

The false positive decision error was controlled by assessing the potential for false positive
analytical results. Quality assurance (QA)/quality control (QC) samples such as field blanks, trip
blanks, laboratory control samples, and method blanks were used to determine whether a false
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positive analytical result may have occurred. Of the 34 QA/QC samples submitted, no false
positive analytical results were detected.

Proper decontamination of sampling equipment and the use of certified clean sampling
equipment and containers minimized the potential for cross contamination, which could lead to a

false positive analytical result.

C.1.1.2 Sampling Design

The CAIP (DTRA, 2000) made the following commitments for sampling:

1. Background samples will be collected at undisturbed locations around the muckpile.

Result: Three locations were identified and sampled using hand tools. The samples were

field screened and shipped to an off-site laboratory for analysis.

2. Random sampling will be conducted on the muckpile.

Result: Twenty random locations were identified and sampled using rotosonic drilling
methods. The samples were field screened and shipped to an off-site laboratory for

analysis.

3. Biased locations will be identified and drilled to investigate suspected surface

contaminated areas.

Result: Eight biased locations were identified and sampled to investigate areas with visible
staining or elevated radiological readings identified in the walkover surveys. The samples were

field screened and shipped to an off-site laboratory for analysis.

C.1.2 Conduct a Preliminary Data Review

A preliminary data review was conducted by reviewing QA reports and inspecting the data. The
contract analytical laboratories generate a QA non-conformance report when data quality does
not meet contractual requirements. All data received from the analytical laboratories met
contractual requirements, and no QA non-conformance reports were generated. Data were
validated and verified to ensure that the measurement systems performed in accordance with the

criteria specified. The validated dataset quality was found to be satisfactory.
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C.1.3 Select the Test

The CAIP (DTRA, 2000) committed to using the procedure described in Chapter 9 of the
EPA SW-846 Method (EPA, 1999) to answer two questions: 1) Were enough samples collected
to ensure a 90 percent confidence level in the mean COPC concentration and 2) Does the mean

concentration exceed the regulatory threshold?

Because of the change in closure strategy agreed to by NDEP, DTRA, and DOE, National
Nuclear Security Administration Nevada Site Office (NNSA/NSO), the regulatory threshold is
now the risk-based FAL instead of the PALs discussed in the CAIP. Comparing the average
concentration of the most prevalent contaminants to their PAL and, if they exceed the PAL,

comparing them to their respective FALs will also be used to help answer the questions.

C.1.4 SW-846 Evaluation

To answer the first question, equation (8) of Table 9-1 in SW-846 was used. To answer the
second question, equation (6) of Table 9-1 in SW-846 was used (EPA, 1999). Only results from
random samples were used for this evaluation. These questions were answered for the critical
analytes arsenic, Cs-137, lead, and TPH-DRO as they were the only critical analytes for which
there were sufficient detections.

Question 1: “Were enough samples collected?” is answered by solving equation (8) of Table 9-1
in SW-846 for each analyte.

n=ty’ xs° /(RT —R)* where (Equation 1)
n = minimum number of samples to ensure a 90 percent confidence level
t.202 = the square of the “t” value in Table 9-2, SW-846 for a one-tailed 90 percent
confidence interval
s? = variance in the concentration measured in the samples collected during
characterization
RT = regulatory threshold and is set to the limiting PRG established by the EPA for the

COPC for the industrial land use. For TPH, the RT is 100 mg/kg. For radionuclides,
it is the U.S. Nuclear Regulatory Commission and National Council on Radiation

Protection and Measurements screening levels
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X

= the mean concentration of the COPC in the collected samples.

Question 2: “Does the mean concentration exceed the regulatory threshold?” is answered by
solving equation (6) of Table 9-1 in SW-846 for each analyte.

CL=R+/- (ta % (% ) where (Equation 2)
n
CI = confidence interval
X = the mean concentration of the COPC in the collected samples
n = number of samples collected
t.20 = the “t” value in Table 9-2, SW-846 for a one-tailed 90 percent confidence interval
and the appropriate degrees of freedom
S = variance in the concentration measured in the samples collected during
characterization
The values used for the calculations and the results are presented in Table C.1-4.
Table C.1-4
SW-846 Evaluation of the Number of Samples and
Comparison of 90% Confidence Level with the PAL
Variable Arsenic Cs-137 Lead TPH-DRO
T.20 1.328 1.393 1.328 1.328
T.20 1.763 1.940 1.763 1.763
s? 5.329 0.024 3,342.613 5,508.574
RT 23 mg/kg 12.2 pCilg 800 mg/kg 100 mg/kg
Avg X 4.15 mg/kg 0.198 pCi/g 36.575 mg/kg 28.003 mg/kg
n collected 20 10 20 20
n needed <1 <1 <1 2
Upper Confidence Interval 7.216 mg/kg 0.416 pCi/g 113.359 mg/kg 126.564 mg/kg
Upper Confidence>RT No No No Yes

Cs = Cesium

DRO = Diesel-range organics

TPH = Total petroleum hydrocarbons
mg/kg = Milligrams per kilogram

PAL = Preliminary action level

pCi/g = Picocuries per gram

RT = Regulatory threshold
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Based on the results of the calculations, an adequate number of samples were collected to meet

the 90 percent confidence level for characterization of the site for all four critical analytes. In

comparing the 90 percent confidence level to the RT, the confidence level for arsenic, Cs-137,
and lead are below the RT. The confidence level for TPH-DRO exceeds the RT by 26.5 mg/kg
for the CAU 476 T-Tunnel Muckpile. Because the confidence level for TPH-DRO exceeds the
RT, TPH-DRO will be moved to a Tier 2 analysis to determine whether it poses a threat to

human health or the environment.

C.1.5 Verify the Assumptions

The results of the investigation support the assumptions identified in the CAU 476 CAIP and in

Table C.1-5.

Table C.1-5
Key Assumptions

Exposure Scenario

Exposure to contaminants is limited to industrial site workers,
construction/remediation workers, and military personnel conducting training.
Exposure could occur through ingestion, inhalation, external exposure, or
dermal contact.

The investigation did not reveal any potential exposures that were not identified
in the conceptual site model (CSM).

Affected Media

Surface and subsurface soils in and below the muckpile. Contamination of
perched, deep, and regional groundwater is not a concern.

The investigation results did not identify any affected media that were not
identified in the CSM.

Location of Contamination
Release Points

The muckpile may contain small volumes of Resource Conservation and
Recovery Act-regulated constituents in addition to radiological constituents.

The investigation results confirmed this and did not reveal any potential
releases off the muckpile.

Transport Mechanisms

Contamination may migrate through the muckpile into the native material as a
result of rainwater infiltration.

Low levels of total petroleum hydrocarbons-diesel-range organics were found in
one native soil sample from under the muckpile at a depth of 64 feet, indicating
the oil was there before the muckpile was built over it.

Preferential Pathways

Percolation of precipitation through the soils of the muckpile.

No preferred pathways were identified in the investigation.

Lateral and Vertical Extent of
Contamination

Contamination could be locally significant, but vertical infiltration of
contaminants is probably limited to less than 5 feet.

It is unclear whether the contamination found in the muckpile is the result of
infiltration or whether it was deposited with the muck during normal operations.
There were no indications that contamination migrated off the muckpile either
vertically or laterally.

Groundwater Impacts

There are no groundwater impacts.

Future Land Use

Nonresidential, zoned for nuclear and high explosives tests.

The investigation results did not reveal any future land uses other than those
identified in the CSM.
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C.1.6 Results

This section resolves the DQO decision for CAU 476. No decision rules were stated as “if/then”
statements in the DQOs. However, the following “if/then” statements can be assumed from the
DQO:s.

C.1.6.1 Decision Rules for CAU 476

Decision Rule: If COPCs are above the PALs, then further action will be needed.

Result: After the site was characterized and a CADD prepared, DOE and NDEP came to an
agreement that a risk-based approach could be used for characterizing the muckpiles. Following
this decision, NDEP agreed that existing NDEP-approved DTRA muckpile CADDs could be
re-evaluated using the risk-based approach. Using the risk-based approach, five biased samples
had Cs-137 values that exceeded the PAL, and one random and three biased samples had
TPH-DRO concentrations that exceeded PAL. However, of these, only one biased Cs-137
sample exceeded the FAL. Details are provided in Appendix D of this report.

Decision Rule: If laboratory results for the soil samples do not indicate the presence of COPCs
above the PALs, then a CADD or CADD/CR will be prepared.

Result: The results of the investigation identified Cs-137 as a COC; therefore, a CADD/CR will

be prepared that proposes a use restriction to control access to the site.
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D.1.0 Risk-Based Corrective Action Process

This section contains documentation of the ASTM Method E 1739-95 (ASTM, 1995) risk-based
corrective action process as applied to CAU 476. The ASTM Method E 1739-95 defines three

tiers or levels in evaluating DQO decisions involving increasingly more sophisticated analyses:

e Tier 1 — Sample results from source areas (highest concentrations) compared to the PALs

based on generic (non-site-specific) conditions.

e Tier 2 — Sample results from exposure points compared to SSTLs calculated using

site-specific inputs and Tier I formulas (from the ASTM procedure).

e Tier 3 — Sample results from exposure points compared to SSTLs and points of

compliance calculated using chemical fate/transport and probabilistic modeling.

The risk based corrective action decision process stipulated in ASTM Method E 1739-95 is

summarized in Figure D.1-1.

D.11 Scenario

Corrective Action Unit 476 (Area 12 T-Tunnel Muckpile) consists of one CAS:

e CAS 12-06-02, Muckpile

The T-Tunnel was mined into bedded ash flow tuff under Aqueduct Mesa. The tunnel was used
for six nuclear tests between 1970 and 1987. The muckpile contains approximately 500,000
cubic yards of material consisting of mining debris (rock) generated during excavation of the
tunnels and re-entry excavations following each test. Some nongeologic materials were disposed
of in the muckpile during these excavations. These consisted of construction waste such as steel,
wood, cables, grout, and possibly small amounts of RCRA-regulated constituents and
radionuclides. One percent or less of the muckpile was expected to be composed of debris
generated from re-entry operations (DNA, 1990). The muckpile was deposited on alluvium
overlying the tuffs of the Calico Hills Formation. Groundwater is 800 to 900 ft below ground
surface (USGS/DOE, 2004). The muckpile was constructed out from the tunnel portal in an
easterly direction. The muckpile is approximately 650 ft across at its widest point and 1,000 ft
long in an east-west direction. The thickness of the pad ranges from less than 1 ft to

approximately 70 ft.
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Figure D.1-1
ASTM Method E 1739-95 Risk-Based Corrective Action Decision Process
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D.1.2 Site Assessment

The CAI at CAU 476 involved soil sampling using rotosonic drilling techniques or hand tools.
The investigation results identified TPH-DRO and Cs-137 as COCs that exceeded the PALs as
defined in the CAIP (DTRA, 2000). The maximum concentration of the COCs identified and

their corresponding PALs (Tier 1 comparison) are presented in Tables D.1-1 (chemical results)

and D.1-2 (radiological results).

Table D.1-1
Maximum Reported Chemical Values for Tier 1 Comparison

. Result PAL®
Contaminant CAS Number Sample No. (ma/kg) | (ma/ka)
1,1-Dichloroethene 75-35-4 TS-14-24 0.0013 410
1,2,3-Trichlorobenzene 87-61-6 TS-20-20 0.0014 220
1,2,4-Trimethylbenzene 95-63-6 TS-13-14 0.001 170
4-Methyl-2-Pentanone 108-10-1 TS-18-3.0 0.0027 47,000
Acetone 67-64-1 TS-S2-0.5 0.025 54,000
Arsenic 7440-38-2 TS-13-14 13 23°
Barium 7440-39-3 TS-S3-01 4,500 67,000
Benzoic Acid 65-85-0 TS-18-20 0.27 100,000
Bis(2-Ethylhexyl)Phthalate 117-81-7 TS-13-14 0.35 120
Cadmium 7440-43-9 TS-09-30 0.4 450
Chromium 7440-47-3 TS-S1-2.5 12 450
Diesel-Range Organics 68334-30-5 TS-S7-01 1,200 100°
Di-N-Butyl Phthalate 84-74-2 TS-S1-0.5 26 62,000
Lead 7439-92-1 TS-13-14 210 800
Mercury 7439-97-6 TS-12-14 0.079 310
Naphthalene 91-20-3 TS-20-20 0.0016 190
N-Butylbenzene 104-51-8 TS-20-20 0.00088 240
Selenium 7782-49-2 TS-09-30 4.1 5,100
Silver 7440-22-4 TS-09-30 24 5,100
Toluene 108-88-3 TS-18-3.0 0.0009 520
Trichloroethene 79-01-6 TS-12-14 0.00076 0.11
Trichlorotrifluoroethane 76-13-1 TS-06-12 0.0011 77,900

“PAL based on Region 9 Preliminary Remediation Goals (PRGs) (EPA, 2004).
®Nevada Test Site background plus two standard deviations.

°Nevada Administrative Code 445A.2272 (NAC, 2003b)

Bold indicates the result exceeds the PAL.

CAS = Chemical Abstracts Service

mg/kg = Milligrams per kilogram

PAL = Preliminary action level
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Table D.1-2
Maximum Reported Radiological Values for Tier 1 Comparison

Result PAL?

Parameter CAS Number Sample No. ®©Cilg) | (pCilg)
Actinium-228 14331-83-0 TS-03-09 3.92 15
Americium-241 14596-10-2 TS-04-63.5 0.62 12.7
Antimony-125 14234-35-6 TS-S1-0.5 3 18.1
Bismuth-212 14913-49-6 TS-04A-58 3.2 15
Bismuth-214 14733-03-0 TS-17-25 2.43 15
Cobalt-60 10198-40-0 TS-S6-0.5 1.76 2.7
Cesium-137 10045-97-3 TS-S6-0.5 382 12.2
Lead-212 15092-94-1 TS-02-8.5 3.54 15
Lead-214 15067-28-4 TS-17-25 2.87 15
Plutonium-238 13981-16-3 TS-S6-0.5 0.91 13
Plutonium-239 15117-48-3 TS-S6-0.5 2.87 12.7
Thallium-208 14913-50-9 QTS-05-24 1.15 15

®PALs used as action levels. The PALs for radiological contaminants are based on background or the National Council on
Radiation Protection and Measurements Report No. 129 recommended screening limits for construction, commercial, and
industrial land-use scenario (NCRP, 1999) scaled from 25- to 15-millirem-per-year dose and the generic guidelines for
residual concentration of radionuclides in DOE Order 5400.5 (DOE, 1993).

Bold indicates the result exceeds the PAL.

CAS = Chemical Abstracts Service
PAL = Preliminary action level
pCi/g = Picocuries per gram

D.1.3 Site Classification and Initial Response Action

The four major site classifications listed in Table 3 of the ASTM standard are: (1) immediate
threat to human health, safety, and/or the environment; (2) short-term (0 to 2 years) threat to
human health, safety, and/or the environment; (3) long-term (greater than 2 years) threat to

human health, safety, and/or the environment; (4) no demonstrated long-term threats.

Based on the CAI, CAU 476 does not present an immediate threat to human health, safety,
and/or the environment; therefore, no interim response actions are necessary at this site. The
CAI demonstrated that the TPH-DRO contamination migrated into the muckpile at isolated areas
and was possibly disposed of at the leading edge of the muckpile. The TPH-DRO results from
one native soil sample had 47 mg/kg diesel. This sample was collected at a depth of 64 ft, and a
nearby hole had a muck sample at a depth of 58 ft that had 44 mg/kg TPH-DRO. No TPH-DRO
was found in the muck above these samples. The TPH-DRO may have been released during

construction of the muckpile and clean material deposited over it as the mining continued. The
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lack of TPH-DRO in the underlying native soil suggests that there is limited vertical migration.
Cesium-137 was found at low levels in several biased surface samples and the background
samples, but only one subsurface sample. This indicates that the Cs-137 may be the result of
surface migration onto the muckpile because the surface area surrounding the muckpile was
historically impacted with radionuclides. Based on this information, CAS 12-06-02 (Muckpile)
is determined to be Classification 4 as defined by ASTM Method E 1739-95 (ASTM, 1995). At
this site, COCs were identified; however, they do not pose long-term threats to human health

and/or the environment.

D.1.4 Development of Tier 1 Lookup Table of Risk-Based Screening Level
Selection

Tier 1 action levels have been defined as the PALs established during the DQO process. The
PALs are a tabulation of chemical-specific (but not site-specific) screening levels based on the
type of media (soil) and potential exposure scenarios (industrial). These are conservative
estimates of risk, are preliminary in nature, and are used as action levels for site screening
purposes. Although the PALs are not intended to be used as FALs, a FAL may be defined as the
Tier 1 action level if individual constituent analytical results are below the corresponding Tier 1
action level. The FAL may also be established as the Tier I action level if individual constituent
analytical results exceed the corresponding Tier 1 action level value and implementation of a

corrective action based on the FAL is practical. The PALs are defined as:

e The EPA Region 9 Risk-Based PRGs for Industrial Soils (EPA, 2004). Note: The
original PALs were the 2000 EPA Region 9 PRGs. Because the site is being

re-evaluated, the newer PRGs were selected as the PALSs.

e Background concentrations for RCRA metals will be evaluated when natural background
exceeds the PAL, as is often the case with arsenic. Background is considered to be the
mean plus two times the standard deviation of the mean based on data published in
Mineral and Energy Resource Assessment of the Nellis Air Force Range (NBMG, 1998;
Moore, 1999).

e Concentrations for TPH-DRO above 100 mg/kg per NAC 445A.2272 (NAC, 2003Db).

e For COPCs without established PRGs, a protocol similar to EPA Region 9 will be used to
establish an action level; otherwise, an established PRG from another EPA region may be
chosen.
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e The PALs for radioactive contaminants are based on the National Council on Radiation
Protection and Measurements (NCRP) Report No. 129 recommended screening limits for
construction, commercial, and industrial land-use scenarios (NCRP, 1999) scaled to
25-mrem/yr dose constraint (Appenzeller-Wing, 2004) and the generic guidelines for

residual concentration of radionuclides in DOE Order 5400.5 (DOE, 1993).

The PALs were developed based on an industrial scenario. Because CAU 476 in Area 12 is not
assigned any work stations and is considered to be in a remote or occasional use area, the use of
industrial land use based PALs is conservative. The Tier 1 lookup table is defined as the PAL

concentrations or activities defined in the CAIP.

D.1.5 Exposure Pathway Evaluation

The DQOs stated that site workers would only be exposed to COCs through oral ingestion,
inhalation, or dermal contact (absorption) due to exposure to potentially contaminated media
(i.e., soil) at the CAU. The results of the CAI showed that all COCs identified in CAU 476 are
localized near the release points and have not significantly migrated laterally or vertically in the
subsurface. Because the contaminants were only identified in the soil of the T-Tunnel Muckpile,
the only potential exposure pathway would be through worker contact with the contaminated
soil. The lack of migration demonstrated by the analytical results, elapsed time since the
suspected release, and the depth to groundwater supports the selection and evaluation of only the
surface and shallow subsurface contact as the complete exposure pathway. Groundwater is not

considered to be an exposure route or pathway.

D.1.6 Comparison of Site Conditions with Tier 1 Risk-Based Screening Levels

All analytical results for CAU 476 were less than corresponding Tier 1 action levels (i.e., PALs)
except for those listed in Table D.1-3.

Table D.1-3
COPCs Detected Above Preliminary Action Levels

TPH-DRO | Cs-137
CAS 12-06-02 Muckpile X X

COPC = Contaminant of potential concern
Cs = Cesium

DRO = Diesel-range organics

TPH = Total petroleum hydrocarbons
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D.1.7 Evaluation of Tier 1 Results

For all constituents at CAU 476 not listed in Section D.1.6, the FALs were established as the
Tier 1 risk-based screening levels. It was determined that no further action is required for these
constituents at CAU 476.

It was determined by DTRA that remediation of the constituents listed in Table D.1-3 is not

practical. Therefore, Tier 2 SSTLs were calculated for those constituents.

D.1.8 Tier 1 Remedial Action Evaluation

TPH-DRO Evaluation

Remediation to Tier 1 action levels would be difficult and expensive while potentially not
providing a significant risk reduction. Therefore, it was determined to assess the risk to human
health posed by the hazardous constituents of TPH-DRO at CAU 476 under a Tier 2 evaluation
before establishing FALs for TPH-DRO constituents or implementing a corrective action.

Chemical Evaluation

None of the chemical constituents require remediation.

Radionuclide Evaluation

Actions to remediate Cs-137 to the Tier 1 action level would be difficult and expensive while
potentially not providing a significant risk reduction. Therefore, this radionuclide was moved to

a Tier 2 evaluation before establishing a FAL.

D.1.9 Tier 2 Evaluation

No additional data were needed to complete a Tier 2 evaluation.

D.1.10 Development of Tier 2 Table of SSTLs

Evaluation of TPH-DRO SSTLs

The ASTM Method E 1739-95 (ASTM, 1995) stipulates that risk evaluations for TPH-DRO
contamination be calculated and evaluated based on the risk posed by the potentially hazardous
constituents of TPH-DRO. Section 6.4.3, “Use of Total Petroleum Hydrocarbon Measurements”
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of ASTM Method E 1739-95 states: “TPH-DRO should not be used for risk assessment because
the general measure of TPH-DRO provides insufficient information about the amounts of
individual chemical(s) of concern present” (see also Sections X1.5.4 and X1.42 of

Method E 1739-95). Therefore, the individual potentially hazardous constituents in TPH-DRO
were compared to corresponding Tier 2 SSTLs to evaluate the need for corrective action at

CAU 476. Although Tier 2 SSTLs are generally calculated using site-specific inputs and general
risk formulas, the Tier 2 SSTLs selected for the hazardous constituents of TPH-DRO are the
EPA Region 9 PRGs (EPA, 2004). These SSTLs and the maximum reported level for each

diesel constituent are presented in Table D.1-4.

Table D.1-4
Tier 2 SSTLs and CAU 476 Results for Hazardous Constituents of Diesel
CAS No. Common Name (nis;ll-(;) Macg?uuem(rsg}ok%r)ted
108-67-8 1,3,5-Trimethylbenzene 70 ND
91-57-6 2-Methylnaphthalene® 190 ND
56-55-3 Benzo(a)Anthracene 21 ND
71-43-2 Benzene 1.4 ND
50-32-8 Benzo(a)Pyrene 0.21 ND
100-41-4 Ethylbenzene 400 ND
91-20-3 Naphthalene 190 ND
108-88-3 Toluene 520 ND
1330-20-7 Total Xylene® 420 ND
104-51-8 N-Butylbenzene 240 ND
103-65-1 N-Propylbenzene 240 ND
207-08-9 Benzo(k)Fluoranthene 21 ND
205-99-2 Benzo(b)Fluoranthene 2.1 ND
86-73-7 Fluorene 26,000 ND
85-01-8 Phenanthrene 100,000 ND
206-44-0 Fluoranthene 22,000 ND
129-00-0 Pyrene 29,000 ND
218-01-9 Chrysene 210 ND
120-12-7 Anthracene 100,000 ND
191-24-2 Benzo(g,h,i)Perylene 29,000 ND

2Uses PRG for naphthalene as surrogate
®Total of m-, o-, and p-xylenes

CAS = Chemical Abstracts Service
mg/kg = Milligrams per kilograms
ND = Nondetect

PRG = Preliminary remediation goal
SSTL = Site-specific target level
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Evaluation of Radiological Constituent SSTLs

The Tier 2 evaluation consisted of evaluating the mixture of all radionuclides detected at the
CAS to develop Tier 2 action levels for the radionuclides that exceeded Tier 1 levels. The CAS
specific Tier 2 action levels were calculated using the RESRAD code (Yu et al., 2001) and
site-specific parameters. The RESRAD calculations were based on continued use of the site
under the occasional use area scenario, assuming that a site worker will be on site for 10 days per
year, 8 hours a day for 5 years. A more detailed discussion of the RESRAD code, site-specific
parameters used, and the printed RESRAD outputs are provided in Attachment A of this
appendix. These SSTLs, the maximum reported level, and the average level for each

radiological constituent are presented in Table D.1-5.

Table D.1-5
Tier 2 SSTLs and CAU 476 Results for Radiological Constituents
CAS Number Common Name SSTL Maximum Result Average
10045-97-3 Cesium-137 374 382 20.4°

“This is an average of muck and native random and biased samples

CAS = Chemical Abstracts Service

pCi/g = Picocuries per gram

SSTL = Site-specific target level
Although all detected radionuclides at the CAS were used in the sum-of-fractions calculation,
and a unique Tier 2 action level was developed for all radionuclides, only the radionuclide that
initially exceeded Tier 1 level had a Tier 2 based FAL. The CAS specific FAL established for

Cs-137 is the SSTLs listed in Table D.1-5.

D.1.11 Comparison of Site Conditions with Tier 2 FALs

Tier 2 action levels are typically compared to individual sample results from reasonable points of
exposure (as opposed to the source areas as is done in Tier 1) on a point-by-point basis. Points
of exposure are defined as those locations or areas at which an individual or population may
come in contact with a COC originating from a CAS. For CAU 476, the Tier 2 action levels
were compared to maximum constituent concentrations from each sample location and to the

average concentration for the site.

A comparison of the maximum concentration of the hazardous constituents of TPH-DRO was
conducted against the CAS-specific Tier 2 FALs as shown in Table D.1-4. All analytical results
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for hazardous constituents in TPH-DRO were nondetect for the muckpile (CAS 12-06-02).
Therefore, TPH-DRO is not considered a COC at CAU 476.

None of the other organic or inorganic constituents exceed the occasional use area FALs for the
muckpile (CAS 12-06-02).

A comparison between the maximum concentration of the radionuclides identified above Tier 1
action levels (Cs-137) was conducted against the CAS-specific Tier 2-based FAL (the Mixture
Radionuclide Guidelines) listed in Attachment A of this appendix. For the muckpile

(CAS 12-06-02), the maximum concentration from one of the biased samples exceeded the FAL;

however, the average for the radionuclide is below the CAS-specific occasional use area FAL.

D.1.12 Tier 2 Remedial Action Evaluation

Based on the Tier 2 evaluation of the TPH-DRO hazardous constituents, the chemical
constituents, and the radiological constituents, CAU 476 is not contaminated with organic or
inorganic constituents under the industrial reuse scenario. The radiological constituent Cs-137
was identified at a concentration that would pose a risk to the industrial worker but not to the

occasional use worker.

As all contaminant FALs were established as Tier 1 or Tier 2 action levels, a Tier 3 evaluation

was considered unnecessary.
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D.2.0 Regulatory Basis

The FFACO Part 11, Section I11.3 (FFACO, 1996) stipulates conformance with Chapter 445A of
the NAC (NAC, 2003a). Section NAC 445A.227 lists the factors to be considered in

determining whether a corrective action is required.

Section NAC 445A.227 states:

I.

2.

Except as otherwise provided in NAC 445A.22715, the Director may require an owner or
operator to take corrective action if the release of a hazardous substance, hazardous waste, or
a regulated substance contaminates soil and the level of contamination exceeds the action
level established for the soil pursuant to NAC 445A.2272.

In determining whether corrective action is required, the Director shall consider:
(a) The depth of any groundwater.

(b) The distance to irrigation wells or wells for drinking water.
(c) The type of soil that is contaminated.

(d) The annual precipitation.

(e) The type of waste or substance that was released.

(f) The extent of the contamination.

(g) The present and potential use for the land.

(h) The preferred routes of migration.

(1) The location of structures or impediments.

(j) The potential for a hazard related to fire, vapor, or explosion.

(k) Any other information specifically related to the site that the director determines is

appropriate.

For a site where it is determined that corrective action is required (the corrective action process
applies to all FFACO sites), Section NAC 445A.22705 (NAC, 2003¢) stipulates a process to
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determine the necessary remediation standards (or FALs) based on an evaluation of the risk the

site poses to public health and the environment.

Section NAC 445A.22705 states:

3. Except as otherwise provided in NAC 445A.22715, if an owner or operator is required to
take corrective action pursuant to NAC 445A.227, the owner or operator may conduct an
evaluation of the site, based on the risk it poses to public health and the environment, to
determine the necessary remediation standards or to establish that corrective action is not
necessary. Such an evaluation must be conducted using Method E 1739-95, adopted by the
ASTM, as it exists on October 3, 1996, or an equivalent method approved by the Division.

4. The Division shall determine whether an evaluation complies with the requirements of
Method E 1739-95, or an equivalent method of testing approved by the Division. The
Division may reject, require revisions be made to, or withdraw its concurrence with the

evaluation at any time after the completion of the evaluation for the following reasons:

(a) The evaluation does not comply with the applicable requirements for conducting the

evaluation.
(b) Conditions at the site have changed.

(c) New information or previously unidentified information that would alter the results of
the evaluation becomes available and demonstrates that the release may have a

detrimental impact on public health or the environment.

Therefore, in compliance with Section NAC 445A.22705, DTRA conducted “an evaluation of
the site, based on the risk it poses to public health and the environment, to determine the

necessary remediation standards or to establish that corrective action is not necessary” using
ASTM Method E 1739-95.
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D.3.0 Recommendations

Organic, inorganic, and radiological constituents detected in environmental samples during the
CAI were evaluated against FALSs to determine the nature and extent of COCs for CAU 476.
Assessment of the data generated from the investigation activities indicates that the FAL was
exceeded for Cs-137 in the muckpile. None of the other FALs for chemical or radiological

constituents were exceeded, and Cs-137 is identified as the only COC present.

As COCs were identified above corresponding FALs, it was determined that closure in place
with use restrictions is the best option for closing CAU 476. This is based on the fact that even
though the FALs were exceeded, this remote, controlled access site poses only limited risk
overall to public heath and the environment. Given the limited number of COCs (Cs-137 only),
the negligible lateral and vertical migration, and the lack of potential impact to groundwater, it
would create a greater hazard to worker safety, public health, and the environment to remove the

contamination, transport it, and bury it at another location.

No further corrective action beyond establishing an administrative use restriction is necessary.
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Derivation of Residual Radioactive Material Guidelines for Radionuclides in Soil at
Corrective Action Unit (CAU) 476, Area 12 T-Tunnel Muckpile,
Nevada Test Site, Nevada

1.0 Introduction

The U.S. Department of Energy (DOE), the U.S. Department of Defense (DoD) (through the
Defense Threat Reduction Agency [DTRA]), and the National Nuclear Security Administration
Nevada Site Office (NNSA/NSO) Environmental Restoration Division have numerous sites
impacted from the development, testing, and production of nuclear weapons. These impacts can
take the form of chemical and/or radiological contaminants. Similar to its approach for chemical
contamination, DoD and NNSA/NSO are committed to properly evaluating, radiologically
characterizing and, where appropriate, remediating these sites to ensure the doses to radiation
workers and members of the public are maintained as-low-as-reasonably achievable (ALARA),
at a minimum, below the primary dose limits as stated in DOE Order 5400.5 (DOE, 1993).

To accomplish this, the potential for residual radioactive contamination in soils must be
evaluated to determine the status of compliance with the requirements of DOE Order 5400.5
(DOE, 1993). The DOE Order 5400.5 requires that: “The Authorized Limits shall be
established to (1) provide that, at a minimum, the basic dose limits ... will not be exceeded, or
(2) be consistent with applicable generic guidelines.” Because generic guidelines have not been
established for volumetric residual radioactivity for the radionuclides of concern at CAU 476,
Authorized Limits or final action levels (FALs) were derived using the Residual Radioactive
(RESRAD) model and computer code (Yu et al., 2001). The goal of this effort was to produce
Authorized Limits, in units of picocuries per gram (pCi/g) in soil above background, for

CAU 476 that would result in radiation doses less than 25 mrem per year (mrem/yr) to an
industrial worker at the site.

To develop the FALs, a “realistic” yet conservative radiation dose analysis was conducted using
approved exposure scenarios and site-specific data to determine the translation between surface
soil concentrations and individual radiation doses. For this analysis, site-specific data included
soil sampling results obtained during site investigation activities at CAU 476, and meteorological
data obtained from the Air Resources Laboratory (ARL)/Special Operations and Research
Division (SORD). This report provides the radiation dose modeling analysis supporting the
technical derivation of the Authorized Limits for CAU 476, Area 12 T-Tunnel Muckpile, Nevada
Test Site (NTS), Nevada. This report also defines the radionuclides considered and approved
exposure scenarios for the NTS, identifies the applicable exposure pathways and key input data
or assumptions, presents the radiation doses for unit concentrations of radionuclides in soil, and
establishes the FALs for CAU 476. Figure 1-1 shows the location of CAU 476 at the NTS.

2
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Figure 1-1
Nevada Test Site Map Showing CAU 476 Location
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2.0 Facility Description

Corrective Action Unit 476 comprises one CAS, the T-Tunnel Muckpile. The T-Tunnel
Muckpile consists primary of mining debris (rock) generated during tunnel excavation and
construction in support of weapons effect testing. Eight tests were conducted at T-Tunnel
(DTRA, 2000) including six nuclear tests from 1970 to 1987 and two high explosive tests in
1997. A site plan and depositional chronology for the muckpile is illustrated in the CAIP. Only
limited information is available about the muckpile. Specifics concerning potential wastes
buried within or released upon the muckpile have not been documented due to unregulated
disposal activities associated with muckpile operations.

The T-Tunnel, constructed beneath Aqueduct Mesa, was mined into bedded, ash-flow tuff from
800 to 1,100 ft below the mesa surface. The surface elevation at the tunnel portal is about
5,600 ft above mean sea level. The T-Tunnel was excavated in a westerly direction into
Aqueduct Mesa from the side of a canyon. The muckpile was built out in an easterly direction
from the tunnel portal, partially filling an eastward draining canyon. The muckpile generally
widens and thickens away from the tunnel, terminating approximately 1,000 ft east of the tunnel
portal. The muckpile is approximately 650 ft across at its widest point, which occurs about

500 ft from the tunnel portal, and is roughly 70 ft thick near its eastern edge.

2.1  Operational History

The T-Tunnel was operated intermittently between 1968 and 1997 during the period of nuclear
and non-nuclear weapons effects testing. The tunnel was designed to contain the pressures and
temperatures created during nuclear tests. Re-entry to the tunnel after a test typically involved
additional horizontal mining and the generation of rock debris and construction wastes such as
wood, cabling, scrap metal, and cementitious mixtures, which could have contain low levels of
radioactivity. The material excavated during re-entry were generally hauled outside the tunnel to
the edge of the existing muckpile, dumped off the edge, and then leveled. Six nuclear tests were
conducted in T-Tunnel. Certain portions of the muckpile can be ascribed to each of these tests.

2.2  Release Information
There have been no known or suspected releases from CAS 12-06-02. Venting was documented

from a J-Tunnel test, Des Moines, on June 13, 1962, in the area that is approximately 1,300 ft
directly east of the muckpile (DOE/NV, 1996).
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3.0 Site Investigation Activities

In December 1999 and January 2000, seismic and surface geophysical surveys were performed at
the T-Tunnel Muckpile to determine the approximate thickness of the muckpile and to locate
compressed gas cylinders that were reported to have been buried in the muckpile. Results of
these surveys were used to guide the placement of the boreholes so that to minimized the chance
of encountering the cylinders when drilling.

3.1 Site Investigation Plans

Corrective action investigation activities were performed as set forth in the CAU 476 CAIP
(DTRA, 2000) from April 10 to May 2, 2000. The objectives of the CAU 476 CAIP were to
address the decision statements in the project-specific Data Quality Objectives (DQOs) by:

e Characterizing the surface and near-surface (0 to 5 ft) muckpile material for contaminants
of potential concern (COPC).

e Characterizing the muckpile subsurface (greater than 5 ft) for COPCs.

e Characterizing the native soils (from 2 to 5 ft below the bottom of the muckpile) for
impacts from COPCs.

e Establishing background levels of radioactivity and meals for the native soils surrounding
the muckpile.

The DQO process is a seven-step strategic planning approach based upon the scientific method
used to plan data collection activities for CAU 476, Area 12 T-Tunnel Muckpile, NTS. The
DQOs are designed to ensure that data collected will provide sufficient and reliable information
to identify, evaluate and technically defend the recommended corrective actions (i.e., no further
action, closure in place, or clean closure).

The primary objective of the investigation was to provide sufficient information and data to
develop appropriate corrective action alternatives for CAU 476. This objective was achieved by
identifying the nature and extent, both horizontal and vertical of COCs (i.e., COPCs at
concentrations above action levels).

The investigation strategy was developed by representatives of NDEP and DTRA, in accordance
with U.S. Environmental Protection Agency (EPA) Guidance for the Data Quality Objectives
Process, EPA QA/G-4 (EPA, 1994). The CAU 476 CAIP contains a description of the
investigation strategy and the DQO process.

3.2 Summary of Specific Site Investigation Activities

This section provides a brief description of work activities conducted to support the investigation
of radioactive contamination at CAU 476.

5
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From April 10 through May 2, 2000, CAI activities were performed at the T-Tunnel Muckpile as
set forth in the CAIP (DTRA, 2000). The purpose of the CAI was to determine the presence and
extent of COPCs within or beneath the muckpile, and to provide sufficient information and data
to develop appropriate corrective action strategies for the muckpile. As outlined in the CAIP, the
following tasks were performed:

Background sampling — Three locations were identified and excavated by hand to a depth
of approximately 18 inches to collect background native soil samples. Samples were
field screened and submitted for radionuclide analysis.

Surface sampling — Eight locations were selected to characterize the surface/shallow
subsurface of the muckpile. Seven boleholes were drilled to a depth of 5 ft, and a
continuous core was extracted from each borehole. Each core was field screened, and the
portion(s) of the core with the highest result was collected for laboratory analysis. If no
portion of the core exhibited elevated results, the interval between 0.5 and 1.5 ft was
colleted. Nine surface/shallow subsurface samples were collected from these locations
and submitted for analysis.

Muckpile content/underlying soils sampling — Twenty boreholes were drilled to
characterize the subsurface of the muckpile from 5 ft below ground surface to 2 to 5 ft
into the native soil under the muckpile. A continuous core was extracted from each
borehole and, field screened, and 42 samples were submitted for analysis. One sample
was taken at the bottom of each borehole to represent the native materials beneath the
muckpile.

Field screening of the core recovered from the boreholes provide guidance for collection of two
additional samples. Field screening results also provide additional characterization information
on which to base corrective action decisions.

6
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4.0 Site Investigation Sample Results

The RESRAD calculations are based on validated analytical soil sample results obtained during
site investigation activities and other applicable information specified in the CAIP. The
RESRAD calculations are based upon the value of the maximum radionuclide concentration.
The RESRAD calculations of the area were performed for the contaminants of concern (COC)
present in the CAU 476 muckpile using the maximum radionuclide concentrations obtained from
the CAI soil sample results. Appendix A of the CAU 476 CADD contains a detailed description
of the sample results, analytical parameters, and laboratory methods used to analyze the soil
samples.

The maximum principal radionuclide concentrations (including background) detected at the
CAU 476 are listed in Table 4-1.

Table 4-1
CAU 476 Principal Radionuclide Concentration Found in Soil Samples
Sample Number Sample Depth (ft bgs) Radionuclide pCi/g
TS-B2-01 05-15 Americium-241 2.8
TS-S1-0.5 0-1 Antimony-125 3.0
TS-S6-0.5 0-1 Cesium-137 382
TS-S6-0.5 0-1 Cobalt-60 1.76
TS-B2-01 05-15 Plutonium-238 1.03
TS-B2-02 05-15 Plutonium-239 9.60
TS-S6-0.5 0-1 Strontium-90 13.0
ft = Feet below ground surface
pCi/g = Picocuries per gram
7
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5.0 Initial Concentrations for Principal Radionuclides

Principal radionuclides are defined as radionuclides with a half-life greater than six months. The
decay products of any principal radionuclide down to, but not including, the next principal
radionuclide in its decay chain are defined as associated radionuclides. RESRAD assumes that a
principal radionuclide is in secular equilibrium with its associated radionuclides at the point of
exposure. Therefore, associated radionuclides and radionuclides with half-lives less than six
months are not input into the RESRAD calculations.

5.1 Authorized Values for Initial Concentrations of Principal Radionuclides

The authorized exposure scenarios specify that value of the arithmetic mean plus the 95 percent
upper confidence limit (UCL) obtained from site-specific sampling results be entered as the
principal radionuclide concentrations for RESRAD calculates. The sample results for all
samples with radionuclide concentrations above the MDC within the land parcels are entered
into the EPA software application ProUCL version 3.0. The ProUCL software is used to
calculate the 95 percent UCL for principal radionuclide concentrations based on the distribution
of the unknown mean.

For instances where the ProUCL software determined that there were not enough data to
calculate the 95 percent UCL for a specific radionuclide, the maximum concentration from the
sample dataset was used as the initial concentration for that radionuclide.

5.2 Authorized Values Initial Concentrations of Principal Radionuclides for
Area Averaging/Location Specific Scenarios

The DOE Order 5400.5 (DOE, 1993) states: “Residual concentrations of radioactive material in
soil are defined as those in excess of background concentrations averaged over an area of

100 m*” (5400.5, IV, 4.a.). DOE Order 5400.5 also states: “If the average concentration of any
surface or below-surface area less than or equal to 25 m?, exceeds the limit or guideline by a
factor of (100/A)*, [where A is the area (in square meters) of the region in which concentrations
are elevated], limits for “hot-spots” shall also be developed and applied” (5400.5, IV, 4.a.(1)).
DOE Order 5400.5, IV, 4.a.(1) indicates that criterion for these location-specific analysis is
discussed in DOE G 441.1-XX (DOE 2002) Section 5.2.2.

The purpose of the location-specific analysis criterion is to ensure that applying the
homogeneous criteria, in which the concentrations of residual radioactive material are averaged
over a 100-square meter (m?) area, does not result in the release of small areas that, because of
averaging, contain unacceptably high concentrations of residual radioactive material. The
location-specific criterion is used to supplement Authorized Limits for larger areas and is
intended to prevent excessive exposures from a small, contaminated area that is within a larger
area that meets the basic Authorized Limits. Thus, it is intended for use in areas where the
residual radioactive material concentrations are not uniform. Also, the above criterion was
derived conservatively, assuming the Authorized Limits were based on a dose constraint of

25 mrem/yr and selected to ensure unlikely exposure conditions would not cause the primary
dose limit (100 mrem/yr) to be exceeded. The authorized exposure scenarios specify that the
value of the maximum concentration of principal radionuclides obtained from site-specific
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sampling results be entered as the principal radionuclide concentrations for RESRAD
location-specific calculations. The authorized area parameters for RESRAD location-specific
calculations are 1 mz, 10 mz, and 100 m? contamination areas.

5.3 Inhomogeneous Contamination and Initial Radionuclide Concentrations

A contaminated zone is inhomogeneous if it contains a contaminated region within which the
concentration of a radionuclide exceeds three times the average for the contaminated zone.
RESRAD uses a mathematical construct that assumes uniform distribution of radionuclides
within a volume. However, RESRAD recognizes that radiological contamination is
inhomogeneous in nature and provides detailed guidance for applying inhomogeneous criteria
(e.g., location-specific criteria, sum of fractions rule). The RESRAD User’s Manual states that
the inhomogeneous release criteria are generally more realistic and hence less restrictive than the
homogeneous release criteria (Yu, et.al, 2001). This shows that the approved initial radionuclide
concentration values (i.e., arithmetic mean plus 95 percent UCL or the maximum radionuclide
concentration from the sample dataset) will result in more restrictive release criteria. The
arithmetic mean plus the 95 percent UCL are used for the initial concentrations of principal
radionuclides when the sample results are obtained using a random sampling method. The
maximum radionuclide concentration values are used for the initial concentrations of principal
radionuclides when the sample results are obtained using a non-random (e.g., bias or judgmental
sampling) sampling method.

RESRAD states that a statistical approach should always be considered as a first priority
regarding the estimation of soil concentrations, as cited in the Data Collection Handbook to
Support Modeling Impacts of Radioactive Material in Soil (Yu et al., 1993). The 95 percent
UCL represents a value that has a 5 percent chance that the actual mean of the dataset would
exceed it. The 95 percent UCL is computed using the EPA code ProUCL. The code calculates
the 95 percent UCL based on the distribution of the dataset (e.g., normal, log-normal, gamma,
non-parametric).

The ProUCL software has been developed to compute an appropriate 95 percent UCL of the
unknown population mean to support exposure assessment and cleanup decisions for EPA
projects. A 95 percent UCL of the unknown population arithmetic mean is often used to:

e Estimate the exposure point concentration term,

Determine the attainment of cleanup standards,

Estimate background level mean contaminant concentrations, or
Compare the soil concentrations with site-specific soil screening levels.

It is important to compute a reliable, conservative, and stable 95 percent UCL of the population
mean using the available data. The 95 percent UCL should approximately provide the 95 percent
coverage for the unknown population mean.

The EPA has recommended that the maximum value of the dataset be used for the initial EPC
term when the 95 percent UCL exceeds the maximum (EPA, 1992). However, if the maximum
value of the dataset is used, then most of the statistical data associated with the distribution of the
dataset are ignored (except for the maximum). Therefore, by using the mean plus the 95 percent
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UCL the statistical data associated with the dataset are retained, and the value approaches or
exceeds the maximum value of the dataset as recommended by EPA.

5.4 Initial Concentrations of Principal Radionuclide for CAU 476
The initial radionuclide concentrations used for the RESRAD calculations are those listed in

Table 4-1. These maximum radionuclide concentration values were used to perform the
RESRAD calculations to demonstrate conservatism.
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6.0 Authorized RESRAD Exposure Pathways and Scenarios

This section describes the input parameters, exposures scenarios, and guidance for calculating
site-specific radiological remediation levels for projects using the RESRAD computer code, as
agreed to by NNSA/NSO, Stoller-Navarro Joint Venture (SNJV), the NTS M&O Contractor, and
NDEP.

6.1 Guidance for RESRAD Calculations

The guidance in this section was developed by NNSA/NSO, SNJV, the M&O Contractor, and
NDEP and is only applicable to soils containing residual radioactive material. This guidance
does not apply to structures, facilities, equipment, and building materials containing
contaminated surfaces or volume contamination. The primary dose limit for any member of the
public is 100-millirem (mrem) total effective dose equivalent (TEDE) in a year. This limit
applies to the sum of internal and external doses resulting from all modes of exposure to all
radiation sources other than background radiation and doses received as a patient from medical
sources as required by DOE 5400.5, 11.1.a.(3)(a) (DOE, 1993). The dose constraint is defined as
one quarter of the dose limit (i.e., 25-mrem) and will be applied to ensure that in a 1,000-year
period the maximally exposed individual does not exceed the dose constraint in any single year.
The requirements of Chapter IV of DOE 5400.5 Chapter IV will not specifically apply if
NNSA/NSO chooses to continue to own and actively control access or use of the site. However,
the radiation protection requirements in the other sections of DOE 5400.5 will apply to
NNSA/NSO owned and maintained sites.

Due to the large spatial variability in background amongst sites, the “above background
criterion” will be defined as the concentration of a specific radionuclide in soil that equals or
exceeds its corresponding PAL. The source data for these radionuclide specific PALs are taken
directly from NCRP Report No. 129 Table 2.1, Construction, Commercial, Industrial land-use
scenario column for a 25-mrem dose constraint (NCRP, 1999). The generic guidelines for
residual concentrations of radium (Ra)-226, Ra-228, thorium (Th)-230, and Th-232 are found in
Chapter IV of DOE Order 5400.5, Change 2, Radiation Protection of the Public and
Environment (DOE, 1993).

Background radiation refers to the local area and includes:
e Concentration of naturally occurring radionuclides.
e Cosmic radiation.
e Radionuclides of anthropogenic origin that have been globally dispersed and are present
at low concentrations such as fallout from nuclear weapons. (Note: This is not the case at
the NTS because the historical aspects of the NTS [e.g., above- and below-ground

testing, and other operations resulted in dispersion of radionuclides locally].)

Due to the impracticality of determining “true” background, a dose constraint with no
background subtraction will be used (i.e., a dose constraint not in excess of background). The
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use of the dose constraint with no background subtraction is a far more conservative and
sensitive approach because it does not deal with the uncertainty of natural background.

6.2 Description of Approved Scenarios

Based on the future land use as identified in the Nevada Test Site Resource Management Plan
(DOE/NV, 1998), the following two exposure scenarios have been identified as “actual” and
“likely” use scenarios. Stoller-Navarro Joint Venture has approval to use two scenarios
(Scenario A and Scenario B) for use with the RESRAD code (NDEP, 2004). Both scenarios
consider radiation exposures to the critical population group via the following pathways:

e Direct exposure to external radiation from the contaminated soil.
¢ Internal dose from inhalation of airborne radionuclides.
e Internal dose from ingestion of contaminated soil.

The two scenarios vary the parameters associated with the future land use of the site but use the
same dose constraint parameter of 25 mrem/yr. Scenario A is approved for sites in Mercury or
within 500 ft of an active building. Scenario B is approved for all other sites. Scenarios A and B
are briefly described below.

For Scenario A, the future land use assumes continued industrial use of the site. This scenario
addresses long-term exposure received by industrial workers exposed daily to residual levels of
radionuclides in soil during an average workday outdoors on site (EPA, 1991). Scenario A
parameters are based on the following:

e A worker will be outdoors at the site for a total of 2,000 hr per year (hr/yr) (250 days per
year, 8 hours per day) for a duration of 25 years.

e Indoor fraction time is zero, which means that the worker is outside being exposed for the
entire workday.

e The outdoor time fraction is 0.228 and is calculated by dividing the total work hours at
the site per year (2,000 hr/yr) by the total number of hours in a year (8,760 hr/yr).

e Worker exposures are limited to working hours and do not include contributions from
ingestion of drinking water, plant foods, meat, or fish taken from the immediate area.

For Scenario B, the future land use assumes land use restrictions with a low occupancy factor
and lighter work activities at the site. The assumptions for Scenario B include the following:

e A worker will be at the site and outdoors for a total of 335 hr/yr for a duration of
25 years.

e The indoor fraction time is zero

e The outdoor time fraction is 0.038, which is calculated by dividing the total work hours at
the site per year (335 hr/yr) by the total number of hours in a year (8,760 hr/yr).
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e The worker exposures are limited to working hours and do not include contributions from
ingestion of drinking water, plant foods, meat or fish taken from the immediate area.

When Scenario B is selected, a Use Restriction will be included at closure that will state the use
scenario and the requirement for an occupant agency or entity to re-evaluate the closure if site
use changes to fit the parameters of Scenario A.

Table 6-1 lists the pathways considered for Scenarios A and B.

Table 6-1
Summary of Pathways Considered for Scenarios A and B
Pathway Scenario A Scenario B

External exposure Yes Yes
Particulate inhalation Yes Yes
Radon inhalation No No
Ingestion of soll Yes Yes
Ingestion of produce from on-site garden No No
Ingestion of meat from on-site livestock No No
Ingestion of milk from on-site livestock No No
Ingestion of fish from on-site pond No No
Ingestion of water from on-site well No No

6.3 RESRAD Parameters

The RESRAD User’s Manual states that: “The RESRAD default parameter values were carefully
selected and are realistic, although conservative, parameter values. (In most cases, use of these
values will not result in underestimation of the dose or risk.) Site-specific parameters should be
used whenever possible. Therefore, use of default values that significantly overestimate the dose
or risk for a particular site is discouraged” (Yu et al., 2001).

Table 6-2 lists all of the RESRAD default values along with the site-specific RESRAD
parameters approved for use with Scenarios A and B. A reference or reason is provided for
parameters that require site-specific input.
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Parameter
Dose Conversion Factors
R02 Exposure Pathways

Pathway 1- External Gamma
Pathway 2- Inhalation

Pathway 3- Plant Ingestion
Pathway 4- Meat Ingestion
Pathway 5- Milk Ingestion
Pathway 6- Aquatic Foods
Pathway 7- Drinking Water
Pathway 8- Soil Ingestion
Pathway 9- Radon

R011 Contaminated Zone (CZ)

Area of CZ

Thickness of CZ

Length Parallel to Aquifer Flow
Radiation Dose Limit
Elapsed Time Since Placement of Material

R012 Initial Principal Radionuclide

Site-Specific Parent Radionuclide with half-
life greater than 180 days, does not include
naturally occurring and primordial
radionuclides

Units

m
mrem/yr

yr

pCi/g

Table 6-2

Approved RESRAD Parameters

Scenario A

Active
Active
Suppressed
Suppressed
Suppressed
Suppressed
Suppressed
Active
Suppressed

Site Specific

Site Specific

not used
25
0.0

Site Specific

Scenario B

Active
Active
Suppressed
Suppressed
Suppressed
Suppressed
Suppressed
Active
Suppressed

Site Specific

Site Specific

not used

25
0.0

Site Specific

14

(Page 1 of 6)

Defaults

1.000E+04

2.000E+00

1.000E+02
2.5E+001
0.0

0.0

Uncontrolled When Printed

Reference/Rationale
Use FGR 13 Morbidity

Maximum area of contamination out to two successive
sample intervals below PALs. (~ 15 ft intervals
laterally)

Maximum identified depth plus two successive intervals
below PALs as identified during the site
characterization. (~ 5 ft intervals vertically)

Not used with the above pathway selection
RESRAD Default (DOE, 1993)
RESRAD Default

The arithmetic mean plus the 95% UCL for the site.



Parameter

Units

Table 6-2
Approved RESRAD Parameters

R013 Cover and Contaminated Zone Hydrological Data

Cover Depth m
Density of Cover Material glem®
Cover Depth Erosion Rate m/yr
Density of Contaminated Zone g/cm3
Contamination Zone Erosion Rate m/yr
Contaminated Zone Total Porosity -
Contaminated Zone Field Capacity -
Contaminated Zone Hydraulic Conductivity m/yr
Contaminated Zone b Parameter -
Average Annual Wind Speed m/sec
Humidity in Air g/m®
Evapotranspiration Coefficient -
Precipitation m/yr
Irrigation m/yr
Irrigation Mode -
Runoff Coefficient -
Watershed Area for Nearby Stream or m?
Pond

Accuracy for Water/Soil Computations -

(Page 2 of 6)
Scenario A Scenario B Defaults
Site Site 0.0
Specific Specific
1.5 1.5 1.5
1.000E-03 1.000E-03 1.000E-03
1.5 15 5
1.000E-03 1.000E-03 1.000E-03
4.000E-01 4.000E-01 4.000E-01
2.000E-01 2.000E-01 2.000E-01
1.000E+01 1.000E+01 1.000E+01
5.300E+00  5.300E+00 5.300E+00
Site Site 2.000E+00
Specific Specific
not used not used 8.000E+00
5.000E-01 5.000E-01 5.000E-01
Site Site 1.000E+00
Specific Specific
0 0 2.000E-01
overhead overhead overhead
4.000E-01 4.000E-01 2.000E-01
not used not used 1.000E+06
not used not used 1.000E-03
15
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Reference/Rationale

The minimum depth as identified during the site
characterization

RESRAD Default unless site data significantly different
RESRAD Default unless site data significantly different
RESRAD Default unless site data significantly different
RESRAD Default unless site data significantly different
RESRAD Default unless site data significantly different
RESRAD Default unless site data significantly different
RESRAD Default unless site data significantly different
RESRAD Default unless site data significantly different

Data from Air Resources Laboratory (ARL, 2005)
http://www.sord.nv.doe.gov/arlsord-1.htm

Not used with the above pathway selection

RESRAD Default not significant due to lack of
groundwater pathway

Data from Air Resources Laboratory (ARL, 2005)
http://www.sord.nv.doe.gov/arlsord-1.htm

Assumes no artificial supply of water to soil
RESRAD Default

Open Sandy Loam 30% impervious Table 10.1
(Yu, et. al., 1993)

Not used with the above pathway selection

Not used with the above pathway selection



Parameter

R014 Saturated Zone Hydrological Data
Density of Saturated Zone

Saturated Zone Total Porosity
Saturated Zone Effective Porosity
Saturated Zone Field Capacity
Saturated Zone Hydraulic Conductivity
Saturated Zone Hydraulic Gradient
Saturated Zone b Parameter

Water Table Drop Rate

Well Pump Intake Depth

Model: Nondispersion or Mass-Balance

Well Pumping Rate

Units

g/lem

m>/yr

Approved RESRAD Parameters

Scenario A

not used
not used
not used
not used
not used
not used
not used
not used
not used
ND

not used

R015 Uncontaminated and Unsaturated Strata Hydrological Data

Number of Unsaturated Zone Strata
Thickness

Soil Density

Total Porosity

Effective Porosity

Field Capacity

Soil-specific b Parameter

Hydraulic Conductivity

m/yr

not used
not used
not used
not used
not used
not used
not used

not used

Table 6-2

(Page 3 of 6)

Scenario B

not used
not used
not used
not used
not used
not used
not used
not used
not used
ND

not used

not used
not used
not used
not used
not used
not used
not used

not used
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Defaults

1.500E+00
4.000E-01
2.000E-01
2.000E-01
1.000E+02
2.000E-02
5.300E+00
1.000E-03
1.000E+01
ND
2.500E+02

1
4.000E+00
1.500E+00
4.000E-01
2.000E-01
2.000E-01
5.300E+00
1.000E+01

Uncontrolled When Printed

Reference/Rationale

Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection
RESRAD Default

Not used with the above pathway selection

Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection

Not used with the above pathway selection



Parameter

R016 Distribution Coefficients and Leach Rates

Contaminated Zone Ky (all Zones)

Saturated Leach Rate
Solubility Constant
R017 Inhalation and External Gamma

Inhalation Rate

Mass Loading for Inhalation

Exposure Duration

Shielding Factor Inhalation
Shielding Factor External Gamma
Fraction of Time Spent Indoors

Fraction of Time Spent Outdoors

Shape Factor

Units

cm3/g

Iyr

m>/yr

g/m

yr

Table 6-2

Approved RESRAD Parameters

(Page 4 of 6)
Scenario A Scenario B Defaults
0.0 0.0 0.0
0.0 0.0 0.0

8.400E+03  1.230E+04  8.400E+03

6.00E-04 6.00E-04 1E-04

25 25 30

1 1 0.4

1 1 0.7

0.0 0.0 0.5
0.228 0.038 0.25
1.0 1.0 1.0
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Reference/Rationale

RESRAD Defaults

Not used

Not used

RESRAD Default and for an individual performing outdoor
activities, a typical activity mix can consist of 37% at a
moderate activity level, 28% at both resting and light
activity levels, and 7% at a heavy activity level, which
results in a 1.4 m%h (12,300 m3/yr) inhalation rate.

(Yu, et. al., 1993)

The estimated mass loading for construction activities.
(Yu, et. al., 1993)

Standard for Industrial/Commercial Scenario
Assumes no indoor time fraction.
Assumes no indoor time fraction.
Assumes no indoor time fraction.

Based on Industrial/Commercial use scenarios for
standard occupancy and low occupancy.

RESRAD Default



Parameter

Units

R018 Ingestion Pathway Data, Dietary Parameters

Fruits, Vegetables, and Grain
Consumption

Leafy Vegetable Consumption

Milk Consumption

Meat and Poultry Consumption

Fish Consumption

Other Seafood Consumption

Soil Ingestion Rate

Drinking Water Intake

Drinking Water Contaminated Fraction
Household Water Contaminated Fraction
Livestock Water Contaminated Fraction
Irrigation Water Contaminated Fraction
Aquatic Food Contamination Fraction
Plant Food Contamination Fraction

Meat Contamination Fraction

Milk Contamination Fraction

R019 Ingestion Pathway Data, Nondietary
Livestock Fodder Intake for Meat
Livestock Fodder Intake for Milk
Livestock Water Intake for Meat

Livestock Water Intake for Milk

kg/yr

kglyr
L/yr
kglyr
kalyr
kglyr
glyr
L/yr

kg/day
kg/day
L/day
L/day

Table 6-2

Approved RESRAD Parameters

(Page 5 of 6)

Scenario A Scenario B Defaults
not used not used 1.600E+02
not used not used 1.400E+01
not used not used 9.200E+01
not used not used 6.300E+01
not used not used 5.400E+00
not used not used 9.000E-01

1.752E+02  1.752E+02 36.5
not used not used 5.100E+02
not used not used 1.000E+00
not used not used 1.000E+00
not used not used 1.000E+00
not used not used 1.000E+00
not used not used 5.000E-01
not used not used -1
not used not used -1
not used not used -1
not used not used 6.800E+01
not used not used 5.500E+01
not used not used 5.000E+01
not used not used 1.600E+02
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Reference/Rationale

Not used with the above pathway selection

Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection
480 mg/day (EPA, 1991)

Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection

Not used with the above pathway selection

Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection

Not used with the above pathway selection



Parameter Units
Livestock Soil Intake kg/day
Mass Loading for Foliar Deposition g/m®
Depth of Soil Mixing Layer m
Depth of Roots m

Drinking Water Fraction from Groundwater -

Household Water Fraction from -
Groundwater

Livestock Water Fraction from -
Groundwater

Irrigation Fraction from Groundwater -
R021 Radon

Radon Parameters Not Used

FGR = Federal Guidance Report
ft = foot

g/cm3 = Grams per cubic centimeter
g/m® = Grams per cubic meter
g/yr = Grams per year

kg/day = Kilograms per day
kg/yr = Kilograms per year

L/day = Liters per day

L/yr = Liters per year

m = Meter

m/sec = Meters per second

m/yr = Meters per year

Table 6-2
Approved RESRAD Parameters

(Page 6 of 6)

Scenario A Scenario B Defaults
not used not used 5.000E-01
not used not used 1.000E-04
not used not used 1.500E-01
not used not used 9.000E-01
not used not used 1.000E+00
not used not used 1.000E+00
not used not used 1.000E+00
not used not used 1.000E+00

m? = Square meter

Reference/Rationale
Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection
Not used with the above pathway selection

Not used with the above pathway selection

Not used with the above pathway selection

Not used with the above pathway selection

Not used with the above pathway selection

m%h = Cubic meters per hour
m3/yr = Cubic meters per year
mg/day = Milligrams per day
mrem/yr = Millirem per year

ND = Nondetect

PAL = Preliminary action level
pCi/g = Picocuries per gram
RESRAD = Residual Radioactive
UCL = Upper confidence level

yr = Year
Iyr = Per year
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6.4 Residual Radioactive Material Guideline

The residual radioactive material guideline represents the concentration of residual radioactive
material that can remain in place and still allow use of that area without radiological restrictions.
Using site-specific parameters and sample analysis results, the radioactive material guideline, G,
can be calculated for a given dose limit of Hg for an individual as follows;

G = Her/DSR

where DSR is the total dose/source concentration ratio. The dose limit Hgr, used to derive the
residual radioactive material guideline is 25 mrem/yr.

Single radionuclide guidelines are calculated for individual radionuclides such that the annual
dose to industrial/construction workers at the site should not exceed an annual dose limitation of
25 mrem/yr. Sites contaminated with two or more radionuclides (i.e., a mixture of radionuclides)
require further evaluation to ensure that collective exposures from individual radionuclides do
not exceed the 25 mrem/yr annual dose constraint. This evaluation is performed using a sum of
the fractions method. The initial soil concentration of each radionuclide is divided by the single
radionuclide guideline for that radionuclide to produce a ratio. These ratios are then summed. If
the sum is less than or equal to unity, then the collective annual dose from all radionuclides at the
site should not exceed the 25 mrem/yr annual dose constraint. If the sum does exceed unity, the
annual dose to industrial/construction workers could exceed the 25 mrem/yr dose constraint,
even if the concentrations of residual radionuclides at the site are below the single radionuclide
guideline values. For sites where the sum of the ratios exceeds unity, residual radioactive
material guidelines for mixtures of radionuclides are calculated such that the following equation
1s satisfied;

M = Zgi(to)/Gi(tm) <1

Where: M = average mixture sum (dimensionless)
Si(t,) = initial concentration of the ith principal radionuclide
averaged over an area determined by scenario activities

Gi(tm) = single radionuclide soil concentration guideline for the ith
principal radionuclide at time t maximum.

For a site where the sum of the ratios does not exceed unity, the residual radioactive guidelines
for single radionuclides are the radionuclide concentrations to be used as the FAL. For sites
where the sum of the ratios exceeds unity, the residual radioactive guidelines for mixtures of
radionuclides are mathematically adjusted so that the above equation is satisfied. Those adjusted
values are then used as the FAL.
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7.0 RESRAD Calculations for CAU 476, Area 12 T-Tunnel
Muckpile

This section discuses the RESRAD calculations and results for CAU 476.

7.1  Selection of RESRAD Exposure Scenario

Scenario B was selected as the exposure scenario for the CAU 476 because of the remote
location of the site. Because Scenario B parameters will be used for these calculations, a Use
Restriction will be implemented at closure that will state the use scenario and the requirement for
an occupant agency or entity to re-evaluate the closure if site use changes to fit the parameters of
Scenario A.

7.2 User Input Parameters

The RESRAD default parameters that were modified for the calculations performed for
CAU 476 in this report and the site-specific values entered are presented in Table 7-1.

A complete list of the RESRAD default parameters and the site-specific parameters used for
CAU 476 is provided in Table A.1 of Attachment A. The initial radionuclide concentrations
used for analyses are those listed in Table 4-1.

7.3 Radionuclide Concentrations and Dose Estimates

The maximum dose results from RESRAD calculations for the CAU 476 is 35.56 mrem/yr
occurring at year zero (current year). The detailed RESRAD results for all three portions of this
CAS are provided in Exhibit 1, RESRAD Summary Report: CAU 476.

Uncertainty in the derivation of dose estimates and dose/source contribution ratios comes from
the distribution of possible input parameter values, as well as uncertainty in the conceptual
model used to represent the site. The pathway contributing to the total annual dose at the time of
maximum dose occurs are almost all (99.69 percent) for external exposure, 0.18 percent for
inhalation, and 0.13 percent for soil ingestion pathways. Therefore, uncertainties in the
following parameters: Erosion rates, thickness of contaminated zone, occupancy factors, and
wind speed have the greatest significance on the model predictions.

The maximum dose contributions and total dose/source concentration ratios for the muckpile
under Scenario B parameters have been predicted to occur at year zero. The calculated
maximum dose contributions for all considered pathways are presented in Table 7-2.

Figure 7-1 shows that the TEDE to remote worker for the considered pathway decreases within
the 25 mrem/yr dose constraint only at year 13. The dose from Cs-137, the dominating
contributing radionuclide, at year 13 is 24.59 mrem/yr and doses from all radionuclides drop to
24.80 mrem/yr for year 13.

Because the radionuclide concentrations found at this site pose a dose level above the
25-mrem/yr constraint under the current site conditions, remediation alternative should be

considered for the site. Nonetheless, controls that minimize the spread of radioactive
contamination into uncontaminated areas and reduced erosion rate are recommended for this site.
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Unless the muckpile is removed during remediation, the site should be radiologically posted in
accordance with applicable regulation and procedures.

7.4 Residual Radioactive Material Guidelines for CAU 476
The sum of the ratios for CAU 476 exceeds unity. Table 7-3 presents the calculations results for

deriving guidelines for radionuclides for this CAU. The FALs for the CAU 476 scenario are the
RESRAD material guideline values for mixture radionuclides.
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Table 7-1
RESRAD Parameters Input Values for CAU 476
(Page 1 of 2)

Parameter Units CAU 476 Defaults Reference/Rationale
Area of CZ m? 1.000E+02 1.000E+04  Estimated using the site boundary
Thickness of CZ m 1.500E-01 2.000E+00  Top layer of the contamination soil

Principal radionuclides

Average Annual Wind Speed

Precipitation

Runoff Coefficient

Inhalation Rate

Mass Loading for Inhalation

Exposure Duration
Shielding Factor Inhalation
Shielding Factor External Gamma

Fraction of Time Spent Indoors
Fraction of Time Spent Outdoors

Soil Ingestion Rate

Initial concentrations are the maximum concentrations from
pCi/g See Table 7-2 0.0 sample results: maximum for biased sample or average for
random sample.

m/sec 3.4 2.000E+00 Data from Air Resource Laboratory (2005)
m/yr 3.260E-01 1.000E+00 Data from Air Resources Laboratory
o .
) 4.000E-01 2 000E-01 Open Sandy Loam 30% impervious Table 10.1

(Yu, et al., 1993)

RESRAD Default and for an individual performing outdoor
activities, a typical activity mix can consist of 37% at a
m3/yr 1.230E+04 8.400E+03  moderate activity level, 28% at both resting and light activity
levels, and 7% at a heavy activity level, which results in a
1.4 m’h (12,300 m3/yr) inhalation rate. (Yu, et al., 1993)

g/m® 6.00E-04 1E-04 ;I'\?l:a i?t;rﬂaﬁ%% g;ass loading for construction activities.

yr 25 30 Standard for Industrial/Commercial Scenario

- 1.0 0.4 Assumes no indoor time fraction

- 1.0 0.7 Assumes no indoor time fraction

- 0.0 0.5 Assumes no indoor time fraction

) 0.038 0.25 Scenar?o specific based on Industrial/Commercial Use

Scenarios for standard occupancy and low occupancy.
glyr 1.752E+02 36.5 EPA, 1991; 480 mg/day
23

Uncontrolled When Printed



Table 7-1
RESRAD Parameters Input Values for CAU 476
(Page 2 of 2)

Parameter

Units CAU 476 Defaults Reference/Rationale

CZ = Contaminated Zone
g/m3 = Grams per cubic meter
g/yr = Grams per year

m = Meter

m? = Square meter

m/sec = Meters per second
m/yr = Meters per year

m%h = Cubic meters per hour
m3/yr = Cubic meters per year
mg/day = Milligrams per day
pCi/g = Picocuries per gram
RESRAD = Residual Radioactive
yr = Year
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Table 7-2
Maximum Dose Contributions for CAU 476
Using Scenario B (dose as mrem/yr)

Ground Inhalation Soil Total
Radionuelide | annual e o yon| AnnUEl | praciion | ATMUAL |oocon) Annual | g,
Americium-241 3.828E-03 | 0.0001 1.394E-02 0.0004 6.690E-03 | 0.0002 | 2.446E-02 0.0007
Cobalt-60 6.732E-01 | 0.0189 4.094E-06 0.0000 2.943E-05 | 0.0000 | 6.732E-01 0.0189
Cesium-137 3.469E+01 | 0.9755 1.366E-04 0.0000 1.253E-02 | 0.0004 | 3.470E+01 0.9758
Plutonium-238 5.335E+06 | 0.0000 | 4.559E-03 0.0001 2.178E-03 | 0.0001 | 6.742E-03 0.0002
Plutonium-239 8.623E-05 | 0.0000 4.668E-02 0.0013 2.255E-02 | 0.0006 | 6.932E-02 0.0019
Antimony-125 7.627E-02 | 0.0021 1.788E-07 0.0000 2.753E-06 | 0.0000 | 7.628E-02 0.0021
Strontium-90 8.917E-03 | 0.0003 1.893E-04 0.0000 1.294E-03 | 0.0000 | 1.040E-02 0.0003
Total 3.545E+01 | 0.9969 6.551E-02 0.0018 | 4.527E-02 | 0.0013 | 3.556E+01 1.0000
mrem/yr = Millirem per year
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Table 7-3

CAU 476 Sum of Fractions and Proportional Scaling and Final Action Level Determination

Initial Single Ratio for Mixture Ratio for Mixture
. . Radionuclide Contribution Radionuclide Single ) - Radionuclide
Radionuclide . L - . Radionuclides o
Concentration % Guidelines Radionuclide Guidelines® Guidelines
(pCilg) (pCilg) Guideline (FAL)
Americium-241 2.8000E+00 6.7765E-03 2.8620E+03 9.7834E-04 2.7387E+00 9.5690E-04
Cobalt-60 1.7600E+00 4.2595E-03 6.5360E+01 2.6928E-02 1.7214E+00 2.6338E-02
Cesium-137 3.8200E+02 9.2451E-01 2.7520E+02 1.3881E+00 3.7363E+02 1.3577E+00
Plutonium-238 1.0300E+00 2.4928E-03 3.8190E+03 2.6970E-04 1.0074E+00 2.6380E-04
Plutonium-239 9.6000E+00 2.3234E-02 3.4620E+03 2.7730E-03 9.3897E+00 2.7122E-03
Antimony-125 3.0000E+00 7.2606E-03 9.8330E+02 3.0510E-03 2.9343E+00 2.9841E-03
Strontium-90 1.3000E+01 3.1463E-02 3.1250E+04 4.1600E-04 1.2715E+01 4.0689E-04
Total 4.1319E+02 N/A 4.2717E+04 1.4225E+00° 4.0414E+02 1.3913E+00

®Single radionuclide guidelines apply to areas uniformly contaminated with a single radionuclide. The mixture radionuclide guidelines apply to areas uniformly contaminated
with a mixture of radionuclides. The FALs for CAU 476 are the radionuclide guidelines for mixture radionuclides (i.e., Mixture Radionuclide Guidelines column).

®unity > 1

FAL = Final action level
N/A = Not applicable

pCi/g = Picocuries per gram
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Attachment A
RESRAD Parameters Used for Analysis of CAU 476 Site

The parametric values used in the RESRAD code for the analysis of the CAU 476 site are listed
in Table A-1. Some parameters are site specific, while other values are default RESRAD values.
The dose conversion factors used for inhalation and ingestion were the default Federal Guidance
Report 13 morbidity values and correspond to the guidance and recommendations per the
August 9, 2002, memorandum from A. Lawrence, Office of Environmental Policy & Guidance,
to Distribution, titled “Radiation Risk Estimation from Total Effective Dose Equivalents
(TEDEs)” (EH-412-2002-1) (Lawrence, 2002).
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Parameter
R011 Contaminated Zone (CZ)
Area of CZ

Thickness of CZ

Length Parallel to Aquifer Flow

Radiation Dose Limit

Elapsed Time Since Placement of Material
R012 Initial Principal Radionuclide

Principal radionuclides

Units

m
mrem/yr

yr

pCi/g

Table A-1
RESRAD Parameters
(Page 1 of 6)

CAU 476

1.00E+02
1.200E+00

not used
2.5E+001

0.0

See Table 7.2
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Defaults

1.000E+04

2.000E+00

1.000E+02
2.5E+001

0.0

0.0

Reference/Rationale

10x10 m specific location area

Maximum depth from contaminated
samples

Not Used
RESRAD Default (Yu, et al., 1993)

RESRAD Default

Site specific



Parameter

Units

R013 Cover and Contaminated Zone Hydrological Data

Cover Depth

Density of Cover Material

Cover Depth Erosion Rate

Density of Contaminated Zone
Contamination Zone Erosion Rate
Contaminated Zone Total Porosity
Contaminated Zone Field Capacity
Contaminated Zone Hydraulic Conductivity
Contaminated Zone b Parameter
Average Annual Wind Speed
Humidity in Air

Evapotranspiration Coefficient
Precipitation

Irrigation

Irrigation Mode

Runoff Coefficient

Watershed Area for Nearby Stream or Pond

Accuracy for Water/Soil Computations

m
glem®
m/yr
glem®
m/yr

m/yr

m/sec

g/m

m/yr

m/yr

Table A-1
RESRAD Parameters
(Page 2 of 6)

CAU 476

0.0
not used
not used
1.5
1.000E-03
4.000E-01
2.000E-01
1.000E+01
5.300E+00
34
not used
5.000E-01
3.260E-01
2.000E-01

overhead
4.000E-01

not used

not used
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Defaults

0.0

1.5
1.000E-03

1.5
1.000E-03
4.000E-01
2.000E-01
1.000E+01
5.300E+00
2.000E+00
8.000E+00
5.000E-01
1.000E+00
2.000E-01

overhead
2.000E-01

1.000E+06
1.000E-03

Reference/Rationale

No Cover Assumed

No Cover Assumed

No Cover Assumed

RESRAD Default

RESRAD Default

RESRAD Default

RESRAD Default

RESRAD Default

RESRAD Default

Data from Air Resource Laboratory (2005)
Not used

RESRAD Default

Data from Air Resources Laboratory
RESRAD Default

RESRAD Default

Open Sandy Loam 30% impervious Table
10.1 (Yu, et al., 1993)

Not used

Not used



Parameter

R014 Saturated Zone Hydrological Data
Density of Saturated Zone

Saturated Zone Total Porosity
Saturated Zone Effective Porosity
Saturated Zone Field Capacity
Saturated Zone Hydraulic Conductivity
Saturated Zone Hydraulic Gradient
Saturated Zone b Parameter

Water Table Drop Rate

Well Pump Intake Depth

Model: Nondispersion or Mass-Balance

Well Pumping Rate

m>/yr

Table A-1
RESRAD Parameters
(Page 3 of 6)

CAU 476

not used
not used
not used
not used
not used
not used
not used
not used
not used
not used

not used

R015 Uncontaminated and Unsaturated Strata Hydrological Data

Number of Unsaturated Zone Strata
Thickness

Soil Density

Total Porosity

Effective Porosity

Field Capacity

Soil-specific b Parameter

Hydraulic Conductivity

m/yr

not used
not used
not used
not used
not used
not used
not used

not used
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Defaults

1.500E+00
4.000E-01
2.000E-01
2.000E-01
1.000E+02
2.000E-02
5.300E+00
1.000E-03
1.000E+01
ND
2.500E+02

1
4.000E+00
1.500E+00
4.000E-01
2.000E-01
2.000E-01
5.300E+00
1.000E+01

Reference/Rationale

Not used
Not used
Not used
Not used
Not used
Not used
Not used
Not used
Not used
Not used

Not used

Not used
Not used
Not used
Not used
Not used
Not used
Not used

Not used



Parameter Units

R016 Distribution Coefficients and Leach Rates
Contaminated Zone Ky (all Zones) cm®g
Saturated Leach Rate Iyr
Solubility Constant -
R0O17 Inhalation and External Gamma

Inhalation Rate m3/yr

Mass Loading for Inhalation
g/m

Exposure Duration yr
Shielding Factor Inhalation -
Shielding Factor External Gamma -
Fraction of Time Spent Indoors -
Fraction of Time Spent Outdoors

Shape Factor -
R018 Ingestion Pathway Data, Dietary Parameters

Fruits, Vegetables, and Grain Consumption kglyr
Leafy Vegetable Consumption kglyr
Milk Consumption L/yr
Meat and Poultry Consumption kalyr

Table A-1
RESRAD Parameters
(Page 4 of 6)

CAU 476

0.0
0.0

1.230E+04

6.00E-04

25
1.0
1.0
0.0

0.038

1.0

not used
not used
not used
not used
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Defaults

0.0
0.0

8.400E+03

1E-04

30
0.4
0.7
0.5

0.25

1.0

1.600E+02
1.400E+01
9.200E+01
6.300E+01

Reference/Rationale

RESRAD Default
Not used
Not used

RESRAD Default and for an individual
performing outdoor activities, a typical activity
mix can consist of 37% at a moderate activity
level, 28% at both resting and light activity
levels, and 7% at a heavy activity level, which
results in a 1.4 m*/h (12,300 m3/yr) inhalation
rate. (Yu, et al., 1993)

The estimated mass loading for construction
activities. (Yu, etal., 1993)

Standard for Industrial/Commercial Scenario
Assumes no indoor time fraction
Assumes no indoor time fraction
Assumes no indoor time fraction

Scenario specific based on Industrial/
Commercial Use Scenarios for standard
occupancy and low occupancy.

RESRAD Default

Not used
Not used
Not used
Not used



Parameter

Fish Consumption

Other Seafood Consumption

Soil Ingestion Rate

Drinking Water Intake

Drinking Water Contaminated Fraction
Household Water Contaminated Fraction
Livestock Water Contaminated Fraction
Irrigation Water Contaminated Fraction
Aquatic Food Contamination Fraction
Plant Food Contamination Fraction
Meat Contamination Fraction

Milk Contamination Fraction

R019 Ingestion Pathway Data, Nondietary
Livestock Fodder Intake for Meat
Livestock Fodder Intake for Milk
Livestock Water Intake for Meat
Livestock Water Intake for Milk
Livestock Soil Intake

Mass Loading for Foliar Deposition
Depth of Soil Mixing Layer

Depth of Roots

Units

kglyr
kalyr
alyr
L/yr

kg/day
kg/day
L/day
L/day
kg/day
g/m

Table A-1
RESRAD Parameters
(Page 5 of 6)

CAU 476

not used
not used
1.752E+02
not used
not used
not used
not used
not used
not used
not used
not used

not used

not used
not used
not used
not used
not used
not used
1.500E-01

not used
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Defaults

5.400E+00
9.000E-01
36.5
5.100E+02
1.000E+00
1.000E+00
1.000E+00
1.000E+00
5.000E-01

6.800E+01
5.500E+01
5.000E+01
1.600E+02
5.000E-01
1.000E-04
1.500E-01
9.000E-01

Reference/Rationale

Not used
Not used
EPA, 1991; 480 mg/day
Not used
Not used
Not used
Not used
Not used
Not used
Not used
Not used

Not used

Not used
Not used
Not used
Not used
Not used
Not used
RESRAD Default

Not used



Parameter

Drinking Water Fraction from Groundwater

Household Water Fraction from
Groundwater

Livestock Water Fraction from Groundwater

Irrigation Fraction from Groundwater

R021 Radon
Radon Parameters Not Used

cm3/% = Cubic centimeters per gram
g/cm” = Grams per cubic centimeter
g/m3 = Grams per cubic meter

glyr = Grams per year

kg/day = Kilograms per day

kg/yr = Kilograms per year

L/day = Liters per day

L/yr = Liters per year

m = Meter

m? = Square meter

Table A-1
RESRAD Parameters

(Page 6 of 6)
CAU 476 Defaults Reference/Rationale
not used 1.000E+00 Not used
not used 1.000E+00 Not used
not used 1.000E+00 Not used
not used 1.000E+00 Not used

Not used

m/sec = Meters per second
m/yr = Meters per year

m®/h = Cubic meters per hour
m®/yr = Cubic meters per year
mg/day = Milligrams per day
mrem/yr = Millirem per year
ND = Nondetect

pCi/g = Picocuries per gram
RESRAD = Residual Radioactive
yr = Year

/yr = Per year
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Exhibit 1

RESRAD Summary Report:
CAU 476

(27 pages)
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1RESRAD, Version 6.3 T« Limit = 180 days 01/30/2007 15:00 Page 2
Summary : CAU 476 File: CAU 476.RAD

Dose Conversion Factor (and Related) Parameter Summary
File: FGR 13 MORBIDITY

0 3 3 Current 3 Base 2  Parameter
Menu 3 Parameter 32 Value 3 Case* 3 Name
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAARAAAAAAAAAAAAAA
B-1 = Dose conversion factors for inhalation, mrem/pCi: 3 3 3
B-1 3 Ac-227+D 3 6.724E+00 3 6.700E+00 3 DCF2( 1)
B-1 3 Am-241 3 4_.440E-01 3 4.440E-01 3 DCF2( 2)
B-1 3 Co-60 3 2_.190E-04 3 2_190E-04 3 DCF2( 3)
B-1 3 Cs-137+D 3 3.190E-05 3 3.190E-05 3 DCF2( 4)
B-1 3 Np-237+D 3 5_400E-01 3 5.400E-01 3 DCF2( 5)
B-1 3 Pa-231 3 1.280E+00 3 1.280E+00 3 DCF2( 6)
B-1 3 Pb-210+D 3 2.320E-02 3 1.360E-02 3 DCF2( 7)
B-1 3 Pu-238 3 3.920E-01 3 3.920E-01 3 DCF2( 8)
B-1 3 Pu-239 3 4_290E-01 3 4_.290E-01 3 DCF2( 10)
B-1 3 Ra-226+D 3 8.594E-03 3 8.580E-03 3 DCF2( 11)
B-1 3 Sb-125+D 3 1.386E-05 3 1.220E-05 3 DCF2( 12)
B-1 3 Sr-90+D 3 1.308E-03 3 1.300E-03 3 DCF2( 13)
B-1 3 Th-229+D 3 2_169E+00 3 2_150E+00 3 DCF2( 14)
B-1 3 Th-230 3 3.260E-01 3 3.260E-01 3 DCF2( 15)
B-1 3 U-233 3 1.350E-01 3 1.350E-01 3 DCF2( 16)
B-1 3 U-234 3 1.320E-01 3 1.320E-01 3 DCF2( 17)
B-1 3 U-235+D 3 1.230E-01 3 1.230E-01 3 DCF2( 18)

3 3 3 3
D-1 =3 Dose conversion factors for ingestion, mrem/pCi: 3 3 3
D-1 3 Ac-227+D 3 1.480E-02 3 1.410E-02 3 DCF3( 1)
D-1 3 Am-241 3 3.640E-03 3 3.640E-03 3 DCF3( 2)
D-1 23 Co-60 3 2.690E-05 3 2.690E-05 3 DCF3( 3)
D-1 3 Cs-137+D 3 5_000E-05 3 5.000E-05 3 DCF3( 4)
D-1 3 Np-237+D 3 4_444E-03 3 4_440E-03 3 DCF3( 5)
D-1 3 Pa-231 3 1.060E-02 3 1.060E-02 3 DCF3( 6)
D-1 3 Pb-210+D 3 7.276E-03 3 5.370E-03 3 DCF3( 7)
D-1 3 Pu-238 3 3.200E-03 3 3.200E-03 3 DCF3( 8)
D-1 3 Pu-239 3 3.540E-03 3 3.540E-03 3 DCF3( 10)
D-1 3 Ra-226+D 3 1.321E-03 3 1.320E-03 3 DCF3( 11)
D-1 3 Sb-125+D 3 3.647E-06 3 2.810E-06 3 DCF3( 12)
D-1 3 Sr-90+D 3 1.528E-04 3 1.420E-04 3 DCF3( 13)
D-1 3 Th-229+D 3 4_.027E-03 3 3.530E-03 3 DCF3( 14)
D-1 23 Th-230 3 5_480E-04 3 5.480E-04 3 DCF3( 15)
D-1 3 U-233 3 2.890E-04 3 2.890E-04 3 DCF3( 16)
D-1 3 U-234 3 2.830E-04 3 2.830E-04 3 DCF3( 17)
D-1 3 U-235+D 3 2.673E-04 3 2_.660E-04 3 DCF3( 18)

3 3 3 3
D-34 3 Food transfer factors: 3 3 3
D-34 3 Ac-227+D , plant/soil concentration ratio, dimensionless 3 2_.500E-03 3 2_.500E-03 3 RTF( 1,1)
D-34 3 Ac-227+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 2.000E-05 3 2.000E-05 = RTF( 1,2)
D-34 3 Ac-227+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 3 2.000E-05 3 2.000E-05 3 RTF( 1,3)
D_34 3 3 3 3
D-34 3 Am-241 , plant/soil concentration ratio, dimensionless 3 1.000E-03 3 1.000E-03 = RTF( 2,1)
D-34 3 Am-241 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 5.000E-05 3 5.000E-05 3 RTF( 2,2)
D-34 3 Am-241 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 3 2_000E-06 3 2_000E-06 = RTF( 2,3)
D_34 3 3 3 3
D-34 3 Co-60 , plant/soil concentration ratio, dimensionless 3 8.000E-02 3 8.000E-02 = RTF( 3,1)
D-34 3 Co-60 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 2.000E-02 3 2.000E-02 3 RTF( 3,2)
D-34 3 Co-60 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 3 2_000E-03 3 2.000E-03 3 RTF( 3,3)
D_34 3 3 3 3
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1RESRAD, Version 6.3 T« Limit = 180 days 01/30/2007 15:00 Page 3
Summary : CAU 476 File: CAU 476.RAD

Dose Conversion Factor (and Related) Parameter Summary (continued)
File: FGR 13 MORBIDITY
0 3 3 Current 3 Base 2  Parameter
Menu 3 Parameter 3 Value 3 Case* 3 Name
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAARAAAAAAAAAAAAAA
D-34 3 Cs-137+D , plant/soil concentration ratio, dimensionless 3 4_000E-02 3 4.000E-02 3 RTF( 4,1)

D-34 3 Cs-137+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 3.000E-02 3 3.000E-02 =3 RTF( 4,2)
D-34 3 Cs-137+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 3 8.000E-03 3 8.000E-03 = RTF( 4,3)
D_34 3 3 3 3

D-34 3 Np-237+D , plant/soil concentration ratio, dimensionless 3 2.000E-02 3 2.000E-02 3 RTF( 5,1)
D-34 3 Np-237+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 1.000E-03 3 1.000E-03 3 RTF( 5,2)
D-34 3 Np-237+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 2 5_000E-06 3 5.000E-06 3 RTF( 5,3)
D_34 3 3 3 3

D-34 2 Pa-231 , plant/soil concentration ratio, dimensionless 3 1.000E-02 3 1.000E-02 3 RTF( 6,1)
D-34 3 Pa-231 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 5.000E-03 3 5.000E-03 3 RTF( 6,2)
D-34 3 Pa-231 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 2 5_000E-06 3 5.000E-06 3 RTF( 6,3)
D_34 3 3 3 3

D-34 3 Pb-210+D , plant/soil concentration ratio, dimensionless 3 1.000E-02 3 1.000E-02 = RTF( 7,1)
D-34 3 Pb-210+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 8.000E-04 3 8.000E-04 3 RTF( 7,2)
D-34 3 Pb-210+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 3 3.000E-04 3 3_.000E-04 = RTF( 7,3)
D_34 3 3 3 3

D-34 3 Pu-238 , plant/soil concentration ratio, dimensionless 3 1.000E-03 3 1.000E-03 = RTF( 8,1)
D-34 3 Pu-238 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 1.000E-04 3 1.000E-04 3 RTF( 8,2)
D-34 3 Pu-238 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 2 1.000E-06 3 1.000E-06 = RTF( 8,3)
D_34 3 3 3 3

D-34 3 Pu-239 , plant/soil concentration ratio, dimensionless 3 1.000E-03 3 1.000E-03 = RTF( 10,1)
D-34 3 Pu-239 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 1.000E-04 3 1.000E-04 3 RTF( 10,2)
D-34 3 Pu-239 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 2 1.000E-06 3 1.000E-06 = RTF( 10,3)
D_34 3 3 3 3

D-34 3 Ra-226+D , plant/soil concentration ratio, dimensionless 3 4_000E-02 3 4_.000E-02 = RTF( 11,1)
D-34 3 Ra-226+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 1.000E-03 3 1.000E-03 3 RTF( 11,2)
D-34 3 Ra-226+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 3 1.000E-03 3 1.000E-03 = RTF( 11,3)
D_34 3 3 3 3

D-34 3 Sb-125+D , plant/soil concentration ratio, dimensionless 3 1.000E-02 3 1.000E-02 3 RTF( 12,1)
D-34 3 Sb-125+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 1.000E-03 3 1.000E-03 3 RTF( 12,2)
D-34 3 Sb-125+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 3 1.000E-04 3 1.000E-04 3 RTF( 12,3)
D_34 3 3 3 3

D-34 3 Sr-90+D , plant/soil concentration ratio, dimensionless 3 3.000E-01 3 3.000E-01 = RTF( 13,1)
D-34 3 Sr-90+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 8.000E-03 3 8.000E-03 3 RTF( 13,2)
D-34 3 Sr-90+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 3 2_000E-03 3 2.000E-03 3 RTF( 13,3)
D_34 3 3 3 3

D-34 3 Th-229+D , plant/soil concentration ratio, dimensionless 3 1.000E-03 3 1.000E-03 = RTF( 14,1)
D-34 3 Th-229+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 1.000E-04 3 1.000E-04 3 RTF( 14,2)
D-34 3 Th-229+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 2 5_000E-06 3 5.000E-06 = RTF( 14,3)
D_34 3 3 3 3

D-34 3 Th-230 , plant/soil concentration ratio, dimensionless 3 1.000E-03 3 1.000E-03 = RTF( 15,1)
D-34 3 Th-230 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 1.000E-04 3 1.000E-04 3 RTF( 15,2)
D-34 3 Th-230 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 2 5_000E-06 3 5.000E-06 = RTF( 15,3)
D_34 3 3 3 3

D-34 3 U-233 , plant/soil concentration ratio, dimensionless 3 2_.500E-03 3 2.500E-03 = RTF( 16,1)
D-34 3 U-233 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 3.400E-04 3 3.400E-04 3 RTF( 16,2)
D-34 3 U-233 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 3 6.000E-04 3 6.000E-04 = RTF( 16,3)
D_34 3 3 3 3

D-34 3 U-234 , plant/soil concentration ratio, dimensionless 3 2.500E-03 3 2.500E-03 3 RTF( 17,1)
D-34 3 U-234 , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 3.400E-04 3 3.400E-04 3 RTF( 17,2)
D-34 3 U-234 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 3 6.000E-04 3 6.000E-04 3 RTF( 17,3)

Uncontrolled When Printed



1RESRAD, Version 6.3 T« Limit = 180 days 01/30/2007 15:00 Page 4
Summary : CAU 476 File: CAU 476.RAD
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0 3 3 Current 3 Base 3 Parameter
Menu 3 Parameter 3 Value 3 Case* 3 Name
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAARAAAAAAAAAAAAAA
D-34 3 U-235+D , plant/soil concentration ratio, dimensionless 3 2.500E-03 3 2.500E-03 = RTF( 18,1)
D-34 3 U-235+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 3.400E-04 3 3.400E-04 3 RTF( 18,2)
D-34 3 U-235+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 3 6.000E-04 3 6.000E-04 3 RTF( 18,3)

3 3 3 3
D-5 3 Bioaccumulation factors, fresh water, L/kg: 3 3 3
D-5 3 Ac-227+D , fish 3 1.500E+01 3 1.500E+01 3 BIOFAC( 1,1)
D-5 3 Ac-227+D , crustacea and mollusks 3 1.000E+03 3 1.000E+03 3 BIOFAC( 1,2)
D_5 3 3 3 3
D-5 3 Am-241 , Fish 3 3.000E+01 3 3.000E+01 3 BIOFAC( 2,1)
D-5 3 Am-241 , crustacea and mollusks 3 1.000E+03 3 1.000E+03 3 BIOFAC( 2,2)
D_5 3 3 3 3
D-5 3 Co-60 , Fish 3 3.000E+02 3 3.000E+02 3 BIOFAC( 3,1)
D-5 =3 Co-60 , crustacea and mol lusks 3 2.000E+02 3 2_000E+02 3 BIOFAC( 3,2)
D-5 3 3 3 3
D-5 3 Cs-137+D , fish 3 2.000E+03 3 2.000E+03 3 BIOFAC( 4,1)
D-5 3 (Cs-137+D , crustacea and mollusks 3 1.000E+02 3 1.000E+02 3 BIOFAC( 4,2)
D_5 3 3 3 3
D-5 3 Np-237+D , fish 3 3.000E+01 3 3.000E+01 = BIOFAC( 5,1)
D-5 3 Np-237+D , crustacea and mollusks 3 4_000E+02 3 4_000E+02 3 BIOFAC( 5,2)
D_5 3 3 3 3
D-5 3 Pa-231 , Fish 3 1.000E+01 3 1.000E+01 =3 BIOFAC( 6,1)
D-5 3 Pa-231 , crustacea and mol lusks 3 1.100E+02 3 1.100E+02 3 BIOFAC( 6,2)
D_5 3 3 3 3
D-5 3 Pb-210+D , fish 3 3.000E+02 3 3.000E+02 3 BIOFAC( 7,1)
D-5 =3 Pb-210+D , crustacea and mollusks 3 1.000E+02 3 1.000E+02 = BIOFAC( 7,2)
D_5 3 3 3 3
D-5 3 Pu-238 , Fish 3 3.000E+01 3 3.000E+01 3 BIOFAC( 8,1)
D-5 3 Pu-238 , crustacea and mollusks 3 1.000E+02 3 1.000E+02 3 BIOFAC( 8,2)
D_5 3 3 3 3
D-5 3 Pu-239 , Fish 3 3.000E+01 3 3.000E+01 = BIOFAC( 10,1)
D-5 3 Pu-239 , crustacea and mollusks 3 1.000E+02 3 1.000E+02 3 BIOFAC( 10,2)
D_5 3 3 3 3
D-5 3 Ra-226+D , fish 3 5_000E+01 3 5.000E+01 3 BIOFAC( 11,1)
D-5 3 Ra-226+D , crustacea and mollusks 3 2.500E+02 3 2.500E+02 3 BIOFAC( 11,2)
D_5 3 3 3 3
D-5 3 Sb-125+D , fish 3 1.000E+02 3 1.000E+02 3 BIOFAC( 12,1)
D-5 =3 Sb-125+D , crustacea and mollusks 3 1.000E+01 3 1.000E+01 3 BIOFAC( 12,2)
D-5 3 3 3 3
D-5 3 Sr-90+D , Fish 3 6.000E+01 3 6.000E+01 3 BIOFAC( 13,1)
D-5 3 Sr-90+D , crustacea and mollusks 3 1.000E+02 3 1.000E+02 3 BIOFAC( 13,2)
D_5 3 3 3 3
D-5 3 Th-229+D , fish 3 1.000E+02 3 1.000E+02 =3 BIOFAC( 14,1)
D-5 3 Th-229+D , crustacea and mollusks 3 5_000E+02 3 5_.000E+02 3 BIOFAC( 14,2)
D_5 3 3 3 3
D-5 3 Th-230 , Fish 3 1.000E+02 3 1.000E+02 3 BIOFAC( 15,1)
D-5 3 Th-230 , crustacea and mollusks 3 5_000E+02 3 5.000E+02 3 BIOFAC( 15,2)
D_5 3 3 3 3
D-5 3 U-233 , Fish 3 1.000E+01 3 1.000E+01 3 BIOFAC( 16,1)
D-5 3 U-233 , crustacea and mollusks 3 6.000E+01 3 6.000E+01 3 BIOFAC( 16,2)
D 5 3 3 3 3
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Dose Conversion Factor (and Related) Parameter Summary (continued)
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0 3 3 Current 3 Base 3 Parameter
Menu 3 Parameter 3 Value 3 Case™ 3 Name
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAARAAAAAAAAAAAAAA
D-5 3 U-234 , Fish 3 1.000E+01 3 1.000E+01 3 BIOFAC( 17,1)
D-5 =3 U-234 , crustacea and mollusks 3 6.000E+01 3 6.000E+01 3 BIOFAC( 17,2)
D_5 3 3 3 3
D-5 3 U-235+D , Fish 3 1.000E+01 3 1.000E+01 3 BIOFAC( 18,1)
D-5 3 U-235+D , crustacea and mol lusks 3 6.000E+01 3 6.000E+01 3 BIOFAC( 18,2)
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Site-Specific Parameter Summary
0 3 3 User 3 3 Used by RESRAD 3 Parameter

Menu 3 Parameter 3 Input 3 Default 3 (If different from user input) 3 Name
A AARAAAAAAAARAAAARAAARAAAARAAARAAAARAAAAAAAARAAAARAAARAAAARAAARAAAARAAARA
RO11 3 Area of contaminated zone (Mm**2) 3 1.000E+02 3 1.000E+04 = -—= 3 AREA
RO11 3 Thickness of contaminated zone (m) 3 1.500E-01 3 2.000E+00 = -—= 3 THICKO
RO11 3 Length parallel to aquifer flow (m) 3 not used 3 1.000E+02 3 -— 3 LCZPAQ
RO11 3 Basic radiation dose limit (mrem/yr) 3 2.500E+01 = 3.000E+01 = -— 3 BRDL
RO11 = Time since placement of material (yr) 3 0.000E+00 3 0.000E+00 = -—= 3 TI
RO11 3 Times for calculations (yr) 3 1.000E+00 3 1.000E+00 = -—= 3 T(C 2)
R0O11 3 Times for calculations (yr) 3 5_.000E+00 3 3.000E+00 =3 -——= 3 TC 3)
RO11 3 Times for calculations (yr) 3 1.000E+01 3 1.000E+01 = -— 3T(C 4
RO11 3 Times for calculations (yr) 3 1.300E+01 3 3.000E+01 = -—= 3 T( 5)
RO11 3 Times for calculations (yr) 3 1.500E+01 3 1.000E+02 = -—= 3 T( 6)
R0O11 3 Times for calculations (yr) 3 3.000E+01 3 3.000E+02 =3 -——= BTCT)
RO11 3 Times for calculations (yr) 3 1.000E+02 3 1.000E+03 = -—= 3 T( 8)
RO11 3 Times for calculations (yr) 3 3.000E+02 3 0.000E+00 = -—= 3 T(C9)
RO11 = Times for calculations (yr) 2 1.000E+03 = 0.000E+00 = -— 2 T(10)

3 3 3 3 3
R0O12 3 Initial principal radionuclide (pCi/Zg): Am-241 3 2_800E+00 3 0.00OE+00 =3 -—= 3 S1( 2)
RO12 = Initial principal radionuclide (pCi/g): Co-60 3 1.760E+00 3 0.000E+00 = -—= 3 S1( 3)
RO12 = Initial principal radionuclide (pCi/g): Cs-137 3 3.820E+02 3 0.000OE+00 3 -—= 3 S1( 4)
RO12 3 Initial principal radionuclide (pCi/g): Pu-238 =3 1.030E+00 3 0.000OE+00 3 -—= 3 S1( 8)
RO12 3 Initial principal radionuclide (pCi/g): Pu-239 3 9.600E+00 3 0.000E+00 3 -—= 3 S1(10)
RO12 3 Initial principal radionuclide (pCi/g): Sb-125 3 3.000E+00 3 0.00OE+00 3 -—= 3 S1(12)
RO12 = Initial principal radionuclide (pCi/Zg): Sr-90 3 1.300E+01 3 0.000E+00 = -—= 3 S1(13)
R0O12 3 Concentration in groundwater (pCi/L): Am-241 3 not used 3 0.000E+00 3 -—= 3 wWi( 2)
RO12 3 Concentration in groundwater (pCi/L): Co-60 3 not used 3 0.000E+00 3 -—= 3 wWi( 3)
RO12 3 Concentration in groundwater (pCi/L): Cs-137 3 not used 3 0.000E+00 = -—= 3 wWi( 4)
RO12 3 Concentration in groundwater (pCi/L): Pu-238 =3 not used =3 0.000E+00 = -—= 3 Wi 8)
R0O12 3 Concentration in groundwater (pCi/L): Pu-239 3 not used 3 0.000E+00 3 -—= 3 W1(10)
R0O12 3 Concentration in groundwater (pCi/L): Sb-125 3 not used 3 0.000E+00 3 -—= 3 wi(12)
RO12 3 Concentration in groundwater (pCi/L): Sr-90 3 not used 3 0.000E+00 = -—= 3 W1(13)

3 3 3 3 3
RO13 3 Cover depth (m) 3 0.000E+00 3 0.000E+00 =3 - 3 COVERO
RO13 = Density of cover material (g/cm**3) 3 not used 3 1.500E+00 = - 3 DENSCV
RO13 3 Cover depth erosion rate (m/yr) 3 not used 3 1.000E-03 3 -—= 3 VeV
RO13 =3 Density of contaminated zone (g/cm**3) 3 1.500E+00 3 1.500E+00 = -—= 3 DENSCz
R013 3 Contaminated zone erosion rate (m/yr) 3 1.000E-03 3 1.000E-03 = -——= 3 VCz
RO13 3 Contaminated zone total porosity 3 4_000E-01 3 4_.000E-01 = -—= 3 TPCZ
RO13 3 Contaminated zone field capacity 3 2_.000E-01 3 2.000E-01 = -—= 3 FCCz
RO13 = Contaminated zone hydraulic conductivity (m/yr) 3 1.000E+01 3 1.000E+01 3 -—= 3 HCCz
RO13 3 Contaminated zone b parameter 3 5_300E+00 3 5.300E+00 3 -—= 3 BCZ
RO13 3 Average annual wind speed (m/sec) 3 5_170E+00 3 2_000E+00 3 -—= 3 WIND
RO13 3 Humidity in air (g/m**3) 3 not used 3 8.000E+00 = -—= 3 HUMID
RO13 = Evapotranspiration coefficient 3 5.000E-01 3 5.000E-01 = -—= 3 EVAPTR
RO13 3 Precipitation (m/yr) 3 3.045E-01 3 1.000E+00 3 -—= 3 PRECIP
RO13 3 Irrigation (m/yr) 3 0.000E+00 3 2.000E-01 = -—= 3 RI
RO13 = Irrigation mode 3 overhead 3 overhead 3 -—= 3 IDITCH
RO13 2 Runoff coefficient 3 4.000E-01 3 2.000E-01 = —-— 3 RUNOFF
RO13 3 Watershed area for nearby stream or pond (m**2) 3 not used 3 1.000E+06 3 -—= 3 WAREA
RO13 3 Accuracy for water/soil computations 3 not used 3 1.000E-03 3 -—= 3 EPS

3 3 3 3 3
R014 3 Density of saturated zone (g/cm**3) 3 not used 3 1.500E+00 3 —-— 3 DENSAQ
R014 3 Saturated zone total porosity 3 not used 3 4.000E-01 3 -—= 3 TPSZ
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2.011E-02
not used

4 .059E-04
not used

8.826E-05
not used

2.030E-04
not used
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HCSZ
HGWT
BSZ
VWT
DWIBWT
MODEL
uw

NS
HCL)

DENSUZ(1)

TPUZ(1)
EPUZ(1)
FCUZ(1)
BUZ(1)
HCUZ (1)

DCNUCC( 2)
DCNUCU( 2,1)
DCNUCS( 2)
ALEACH( 2)
SOLUBK( 2)

DCNUCC( 3)
DCNUCU( 3,1)
DCNUCS( 3)
ALEACH( 3)
SOLUBK( 3)

DCNUCC( 4)
DCNUCU( 4,1)
DCNUCS( 4)
ALEACH( 4)
SOLUBK( 4)

DCNUCC( 8)
DCNUCU( 8,1)
DCNUCS( 8)
ALEACH( 8)
SOLUBK( 8)

Site-Specific Parameter Summary (conti
0 3 3 User 3
Menu 3 Parameter 3 Input 3 Default
A AARAAAAAAAARAAAARAAARAAAARAAARAAAARAAAAAAAARAAAARAAARAAAARAAARAAAARAAARA
RO14 3 Saturated zone effective porosity 3 not used 3 2.000E-01 =
RO14 =3 Saturated zone field capacity 3 not used 3 2.000E-01 =
R0O14 3 Saturated zone hydraulic conductivity (m/yr) 3 not used 3 1.000E+02 3
R014 3 Saturated zone hydraulic gradient 3 not used 3 2.000E-02 3
RO14 =3 Saturated zone b parameter 3 not used 3 5.300E+00 =
RO14 = Water table drop rate (m/yr) 3 not used 3 1.000E-03 =
R014 3 Well pump intake depth (m below water table) 3 not used 3 1.000E+01 3
R0O14 3 Model: Nondispersion (ND) or Mass-Balance (MB) 3 not used 3 ND 3
R0O14 3 Well pumping rate (m**3/yr) 3 not used 3 2_500E+02 3
3 3 3 3
RO15 3 Number of unsaturated zone strata 3 not used 31 3
RO15 3 Unsat. zone 1, thickness (m) 3 not used 3 4.000E+00 =3
RO15 3 Unsat. zone 1, soil density (g/cm**3) 3 not used 3 1.500E+00 3
RO15 2 Unsat. zone 1, total porosity 2 not used =3 4.000E-01 3
RO15 3 Unsat. zone 1, effective porosity 3 not used 3 2.000E-01 =
RO15 = Unsat. zone 1, field capacity 3 not used = 2.000E-01 =
RO15 2 Unsat. zone 1, soil-specific b parameter 3 not used 3 5.300E+00 3
RO15 2 Unsat. zone 1, hydraulic conductivity (m/yr) 2 not used = 1.000E+01 =
3 3 3 3
R016 3 Distribution coefficients for Am-241 3 3 3
RO16 3 Contaminated zone (cm**3/Qg) 3 2_.000E+01 3 2_.000E+01 =
RO16 = Unsaturated zone 1 (cm**3/9g) 3 not used 3 2.000E+01 =
R0O16 3  Saturated zone (cm**3/g) 3 not used 3 2.000E+01 3
RO16 2 Leach rate (/yr) 3 0.000E+00 3 0.000E+00 =
R0O16 3  Solubility constant 3 0.000E+00 3 0.000E+00 3
3 3 3 3
RO16 2 Distribution coefficients for Co-60 3 3 3
R016 3  Contaminated zone (cm**3/Q) 3 1.000E+03 = 1.000E+03 =
RO16 = Unsaturated zone 1 (cm**3/9g) 3 not used 3 1.000E+03 =
RO16 = Saturated zone (cm**3/Q) 3 not used 3 1.000E+03 =
R016 3 Leach rate (/yr) 3 0.000E+00 3 0.000E+00 =3
R0O16 3  Solubility constant 2 0.000E+00 3 0.000E+00 =
3 3 3 3
RO16 = Distribution coefficients for Cs-137 3 3 2
R016 3 Contaminated zone (cm**3/Q) 3 4_.600E+03 3 4_600E+03 3
RO16 3 Unsaturated zone 1 (cm**3/9g) 3 not used 3 4.600E+03 3
RO16 3 Saturated zone (cm**3/Q) 3 not used 3 4.600E+03 3
RO16 3 Leach rate (/yr) 3 0.000E+00 3 0.000E+00 3
R0O16 3  Solubility constant 3 0.000E+00 3 0.000E+00 =
3 3 3 3
RO16 = Distribution coefficients for Pu-238 3 3 3
RO16 3  Contaminated zone (cm**3/9g) 3 2.000E+03 3 2.000E+03 =
RO16 = Unsaturated zone 1 (cm**3/9g) 3 not used 3 2.000E+03 3
RO16 3  Saturated zone (cm**3/g) 3 not used 3 2.000E+03 3
RO16 3 Leach rate (/yr) 3 0.000E+00 3 0.000E+00 3
RO16 3  Solubility constant 3 0.000E+00 3 0.000E+00 =
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RO16
RO16
RO16
RO16
RO16
RO16

RO16
RO16
RO16
RO16
RO16
RO16

RO16
RO16
RO16
RO16
RO16
RO16

RO16
RO16
RO16
RO16
RO16
RO16

RO16
RO16
RO16
RO16
RO16
RO16

RO16
RO16
RO16
RO16
RO16
RO16

RO16
RO16
RO16
RO16
RO16
RO16
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Distribution coefficients for Pu-239

Contaminated zone (cm**3/Qg)
Unsaturated zone 1 (cm**3/Qg)
Saturated zone (cm**3/Q)
Leach rate (/yr)

Solubility constant

Distribution coefficients for Sb-125

Contaminated zone (cm**3/Qg)
Unsaturated zone 1 (cm**3/9g)
Saturated zone (cm**3/Q)
Leach rate (/yr)

Solubility constant

Distribution coefficients for Sr-90

Contaminated zone (cm**3/Qg)
Unsaturated zone 1 (cm**3/Qg)
Saturated zone (cm**3/Q)
Leach rate (/yr)

Solubility constant

Distribution coefficients for daughter

Contaminated zone (cm**3/Qg)
Unsaturated zone 1 (cm**3/9g)
Saturated zone (cm**3/Q)
Leach rate (/yr)

Solubility constant

Distribution coefficients for daughter

Contaminated zone (cm**3/9g)
Unsaturated zone 1 (cm**3/g)
Saturated zone (cm**3/9g)
Leach rate (/yr)

Solubility constant

Distribution coefficients for daughter

Contaminated zone (cm**3/Qg)
Unsaturated zone 1 (cm**3/9g)
Saturated zone (cm**3/9g)
Leach rate (/yr)

Solubility constant

Distribution coefficients for daughter

Contaminated zone (cm**3/Qg)
Unsaturated zone 1 (cm**3/Qg)
Saturated zone (cm**3/Q)
Leach rate (/yr)

Solubility constant

Ac-227

Np-237

Pa-231

Pb-210

3

W

3

3
3

3 5_.000E+01
3 not used
3 not used
3 0.000E+00
3 (0.000E+00

3

3

3 1.000E+02
3 not used
3 not used
3 0.000E+00
3 0.000E+00

5.000E+01
5.000E+01
5.000E+01
0.000E+00
0.000E+00

1.000E+02
1.000E+02
1.000E+02
0.000E+00
0.000E+00

3 2.000E+03 3 2.000E+03 =
3 not used 3 2.000E+03 3
3 not used 3 2_.000E+03 3
3 (0.000E+00 3 0.000E+00 =
3 (0.000E+00 3 0.000E+00 =
3 3 3
3 3 3
3 (0.000E+00 3 0.000E+00 =
3 not used 3 0.000E+00 =
3 not used 3 0.000E+00 3
3 0.000E+00 3 0.000E+00 =
3 (0.000E+00 3 0.000E+00 =
3 3 3
3 3 3
3 3.000E+01 3 3.000E+01 =
3 not used 3 3.000E+01 3
2 not used = 3.000E+01 3
3 0.000E+00 3 0.000E+00 =
3 0.000E+00 3 0.000E+00 =
3 3 3
3 3 3
3 2_000E+01 3 2.000E+01 =
3 not used = 2.000E+01 =
2 not used 3 2.000E+01 3
3 0.000E+00 3 0.000E+00 =
3 0.000E+00 3 0.000E+00 =
3 3 3
3 3 3
3-1.000E+00 3-1.000E+00 =
3 not used 3-1.000E+00 3
3 not used 3-1.000E+00 3
3 (0.000E+00 3 0.000E+00 =
3 (0.000E+00 3 0.000E+00 =

3 3

3 3

3 3

3 3

3 3

3 3

3 3

3 3

3 3

3 3

3 3

3 3

3 3

3 3

Uncontrolled When Printed

2.030E-04
not used

2.150E+00
not used

1.345E-02
not used

2.011E-02
not used

2.574E+02

1.576E-03
not used

8.089E-03
not used

4.052E-03
not used

3

2 DCNUCC(10)

WwWwwwowwwowwowwowowwonowowoowwowoowowonowowowowooowowoowowowowowonowowoowwoowowonwowow

DCNUCU(10,1)
DCNUCS(10)
ALEACH(10)
SOLUBK(10)

DCNUCC(12)
DCNUCU(12,1)
DCNUCS(12)
ALEACH(12)
SOLUBK(12)

DCNUCC(13)
DCNUCU(13,1)
DCNUCS(13)
ALEACH(13)
SOLUBK(13)

DCNUCC( 1)
DCNUCU( 1,1)
DCNUCS( 1)
ALEACH( 1)
SOLUBK( 1)

DCNUCC( 5)
DCNUCU( 5,1)
DCNUCS( 5)
ALEACH( 5)
SOLUBK( 5)

DCNUCC( 6)
DCNUCU( 6,1)
DCNUCS( 6)
ALEACH( 6)
SOLUBK( 6)

DCNUCC( 7)
DCNUCU( 7,1)
DCNUCS( 7)
ALEACH( 7)
SOLUBK( 7)
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Uncontrolled When Printed

nued)
3

Used by RESRAD

3

3 (If different from user input) 3

5.784E-03
not used

6.767E-06
not used

6.767E-06
not used

8.089E-03
not used

8.089E-03
not used

8.089E-03
not used

>0 shows circular AREA.

3

Parameter
Name

= DCNUCC(11)

WWwowwwwwoowowowwooowowoewwoowowoowwowowwooowowoowwooowowoowowowowowonowooowwoneowowoww

DCNUCU(11,1)
DCNUCS(11)
ALEACH(11)
SOLUBK(11)

DCNUCC(14)
DCNUCU(14,1)
DCNUCS(14)
ALEACH(14)
SOLUBK(14)

DCNUCC(15)
DCNUCU(15,1)
DCNUCS(15)
ALEACH(15)
SOLUBK(15)

DCNUCC(16)
DCNUCU(16,1)
DCNUCS(16)
ALEACH(16)
SOLUBK(16)

DCNUCC(17)
DCNUCU(17,1)
DCNUCS(17)
ALEACH(17)
SOLUBK(17)

DCNUCC(18)
DCNUCU(18,1)
DCNUCS(18)
ALEACH(18)
SOLUBK(18)

INHALR
MLINH
ED
SHF3
SHF1
FIND
FOTD
FS

Summary : CAU 476 File: CAU 476.RAD
Site-Specific Parameter Summary (conti
0 3 3 User 3
Menu 3 Parameter 3 Input 3 Default
AARAAARAAAARAAAARAAARAAAARAAARAAAARAAAARAAARAAAARAAAARAAAARAAAARAAARAAAARAAAARAAARAAAARAAAAAAAARAAAARAAARAAAARAAAARAAARAAAARAAARA
RO16 =3 Distribution coefficients for daughter Ra-226 3 3 3
RO16 3 Contaminated zone (cm**3/Qg) 3 7.000E+01 3 7.000E+01 =
RO16 = Unsaturated zone 1 (cm**3/Q) 3 not used 3 7.000E+01 =
RO16 =  Saturated zone (cm**3/Q) 3 not used = 7.000E+01 =
RO16 3 Leach rate (/yr) 3 0.000E+00 3 0.000E+00 3
R0O16 3  Solubility constant 3 0.000E+00 3 0.000E+00 3
3 3 3 3
RO16 3 Distribution coefficients for daughter Th-229 3 3 3
RO16 3 Contaminated zone (cm**3/Qg) 3 6.000E+04 3 6.000E+04 =
RO16 = Unsaturated zone 1 (cm**3/9g) 3 not used 3 6.000E+04 =3
R016 3  Saturated zone (cm**3/g) 3 not used 3 6.000E+04 3
R016 3 Leach rate (/yr) 3 0.000E+00 3 0.000E+00 =
R0O16 3  Solubility constant 3 0.000E+00 3 0.000E+00 3
3 3 3 3
R0O16 3 Distribution coefficients for daughter Th-230 3 3 3
RO16 3 Contaminated zone (cm**3/Qg) 3 6.000E+04 3 6.000E+04 3
RO16 = Unsaturated zone 1 (cm**3/Qg) 3 not used 3 6.000E+04 3
RO16 3  Saturated zone (cm**3/Q) 3 not used 3 6.000E+04 =
R0O16 3 Leach rate (/yr) 3 0.000E+00 = 0.000E+00 =
R016 3  Solubility constant 3 0.000E+00 3 0.000E+00 =
3 3 3 3
RO16 = Distribution coefficients for daughter U-233 3 3 3
RO16 3 Contaminated zone (cm**3/Qg) 3 5_000E+01 3 5.000E+01 =
RO16 3 Unsaturated zone 1 (cm**3/9g) 3 not used 3 5.000E+01 3
RO16 = Saturated zone (cm**3/Q) 3 not used 3 5.000E+01 =
RO16 2 Leach rate (/yr) 2 0.000E+00 = 0.000E+00 =
RO16 =  Solubility constant 3 0.000E+00 = 0.000E+00 =
3 3 3 3
RO16 = Distribution coefficients for daughter U-234 3 3 3
RO16 3  Contaminated zone (cm**3/9g) 3 5_000E+01 3 5.000E+01 =
R016 3 Unsaturated zone 1 (cm**3/g) 3 not used 3 5.000E+01 3
RO16 =  Saturated zone (cm**3/Q) 3 not used 3 5.000E+01 =
RO16 3 Leach rate (/yr) 3 0.000E+00 3 0.000E+00 3
RO16 3  Solubility constant 3 0.000E+00 3 0.000E+00 3
3 3 3 3
R0O16 3 Distribution coefficients for daughter U-235 3 3 3
RO16 3 Contaminated zone (cm**3/Qg) 3 5_.000E+01 3 5.000E+01 =
RO16 = Unsaturated zone 1 (cm**3/9g) 3 not used 3 5.000E+01 =
R016 3  Saturated zone (cm**3/g) 3 not used 3 5.000E+01 3
R016 3 Leach rate (/yr) 3 0.000E+00 3 0.000E+00 =
R0O16 3 Solubility constant 3 0.000E+00 3 0.000E+00 3
3 3 3 3
RO17 3 Inhalation rate (m**3/yr) 3 1.230E+04 3 8.400E+03 3
RO17 3 Mass loading for inhalation (g/m**3) 3 6.000E-04 3 1.000E-04 =
RO17 3 Exposure duration 3 2_500E+01 3 3.000E+01 =
RO17 =3 Shielding factor, inhalation 3 1.000E+00 3 4.000E-01 =
R017 3 Shielding factor, external gamma 3 1.000E+00 3 7_.000E-01 =3
R0O17 3 Fraction of time spent indoors 3 0.000E+00 3 5.000E-01 =
RO17 3 Fraction of time spent outdoors (on site) 3 3.800E-02 3 2_500E-01 =
R017 3 Shape factor flag, external gamma 3 1.000E+00 3 1.000E+00 =3



1RESRAD, Version 6.3
Summary

Menu

RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17

RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17

RO18
RO18
RO18
RO18
RO18
RO18
RO18
RO18
RO18
RO18
RO18
RO18
RO18
RO18
RO18
RO18

RO19
RO19
RO19
RO19
RO19
RO19

3
3

3
3

W W Wwwwwwwoewowowowowowowowowowowowowowoowwowowoowowowowoewowowowowowowoowowowowowowowowowowo

Site-Specific Parameter Summary (contlnued)

T« Limit = 180 days
: CAU 476 File:
3 User
Parameter 3 Input

Radii of shape factor array
Outer annular radius (m),
Outer annular radius (m),
Outer annular radius (m),
Outer annular radius (m),
Outer annular radius (m),
Outer annular radius (m),
Outer annular radius (m),
Outer annular radius (m),
Outer annular radius (m),
Outer annular radius (m),
Outer annular radius (m),
Outer annular radius (m),

Fractions of annular areas within AREA:
Ring
Ring
Ring
Ring
Ring
Ring
Ring
Ring
Ring
Ring 10
Ring 11
Ring 12

(used if FS =
ring 1:
ring 2:
ring 3:
ring 4:
ring 5:
ring 6:
ring 7:
ring 8:
ring 9:
ring 10:
ring 11:
ring 12:

[EY

OCo~NOU_WN

Fruits, vegetables and grain consumption (kg/yr)

Leafy vegetable consumption (kg/yr)

Milk consumption (L/yr)

Meat and poultry consumption (kg/yr)

Fish consumption (kg/yr)

Other seafood consumption (kg/Zyr)

Soil ingestion rate (g/yr)

Drinking water intake (L/yr)
Contamination fraction of drinking water
Contamination fraction of household water
Contamination fraction of livestock water
Contamination fraction of irrigation water
Contamination fraction of aquatic food
Contamination fraction of plant food
Contamination fraction of meat
Contamination fraction of milk

Livestock fodder intake for meat (kg/day)
Livestock fodder intake for milk (kg/day)
Livestock water intake for meat (L/day)
Livestock water intake for milk (L/day)
Livestock soil intake (kg/day)

Mass loading for foliar deposition (g/m**3)

01/30/2007 15:00 Page 10

3

W W Wwwwwwwwowwwowwoewowowowowwowowowwowowoewowowoowowowowowowowowowowowoowowowowowowowowow

Uncontrolled When Printed

not
not
not
not
not
not
not
not
not
not
not
not

not
not
not
not
not
not
not
not
not
not
not
not

not
not
not
not
not
not

1.752E+02

not
not
not
not
not
not
not
not
not

not
not
not
not
not
not

used
used
used
used
used
used
used
used
used
used
used
used

used
used
used
used
used
used
used
used
used
used
used
used

used
used
used
used
used
used

used
used
used
used
used
used
used
used
used

used
used
used
used
used
used

CAU 476.RAD

3
3 Default

3

Used by RESRAD 3

3 (If different from user input) 3

3

3 5.000E+01 =

3 7.071E+01
3 0.000E+00
3 0.000E+00
3 0.000E+00
3 0.000E+00
3 0.000E+00
3 0.000E+00
3 0.000E+00
3 0.000E+00
3 0.000E+00
3 0.000E+00

W W Wwwwwwwewowowowowowowowowowoowowowowoowowowowwowowowowowoowwowo

W W Wwwowwwwwwoowowowwwwowoowoowwwwowoowowowowwowowoowowowwowowowowowowwowowowowowwowow

3

|
I
I
W W Wwwwwowwoowowwowowowowowwoowowowowonowowonoowooowowooowowowowooowowonowooowowowowowoww

Parameter
Name

ARAAAAAAAAAAARAARAAAAAAAAARAAARAAARAAARAAARAAARAAARAAARAARAARAARAARAAARAARAARAARAAARAARAAARAAAAARAARAARAARAARAARAARAARAARAARAARAARAARAARAAA
-1)

RAD_SHAPE( 1)
RAD_SHAPE( 2)
RAD_SHAPE( 3)
RAD_SHAPE( 4)
RAD_SHAPE( 5)
RAD_SHAPE( 6)
RAD_SHAPE( 7)
RAD_SHAPE( 8)
RAD_SHAPE( 9)
RAD_SHAPE(10)
RAD_SHAPE(11)
RAD_SHAPE(12)

FRACA( 1)
FRACA( 2)
FRACA( 3)
FRACA( 4)
FRACA( 5)
FRACA( 6)
FRACA( 7)
FRACA( 8)
FRACA( 9)
FRACA(10)
FRACA(11)
FRACA(12)

DIET(1)
DIET(2)
DIET(3)
DIET(4)
DIET(5)
DIET(6)
SoIL
DW1

FDW
FHHW
FLW
FIRW
FR9
FPLANT
FMEAT
FMILK

LFIS
LF16
LWI5
LWI6
LS1

MLFD
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Summary : CAU 476 File: CAU 476.RAD
Site-Specific Parameter Summary (continued)

0 3 2  User 2 2 Used by RESRAD 2  Parameter
Menu 3 Parameter 3 Input 3 Default 3 (If different from user input) 3 Name
AAAAAAAAARAAAAAAAARAAAAAARARAAAAAAAARAAAAAARARAAAAAAAARAAAAAAAAAAAAARAAAAAAAAAARAAAAAAAAAARAAAAAAAAAAAAAAAAAAAARARARARAAAAAAAAAA
RO19 = Depth of soil mixing layer (m) 3 1.500E-01 3 1.500E-01 3 -— 2 DM
RO19 = Depth of roots (m) 2 not used = 9.000E-01 = -—- 2 DROOT
RO19 3 Drinking water fraction from ground water 3 not used 3 1.000E+00 3 -—= 3 FGWDW
R019 3 Household water fraction from ground water 3 not used 3 1.000E+00 = -—= 3 FGWHH
RO19 2 Livestock water fraction from ground water 2 not used =3 1.000E+00 3 -— 2 FGWLW
RO19 = Irrigation fraction from ground water 2 not used =3 1.000E+00 3 -— 2 FGWIR

3 3 3 3 3
R19B 3 Wet weight crop yield for Non-Leafy (kg/m**2) 3 not used 3 7.000E-01 =3 -—= 3 YW@
R19B 3 Wet weight crop yield for Leafy (kg/m**2) 3 not used 3 1.500E+00 3 -—= 3 YV(2)
R19B = Wet weight crop yield for Fodder (kg/m**2) 3 not used 3 1.100E+00 = -—= 3 YV(3)
R19B 3 Growing Season for Non-Leafy (years) 3 not used 3 1.700E-01 3 -——= 3 TE(1)
R19B 3 Growing Season for Leafy (years) 3 not used 3 2.500E-01 3 -—= 3 TE(2)
R19B 3 Growing Season for Fodder (years) 3 not used 3 8.000E-02 3 -—= 3 TE(3)
R19B 3 Translocation Factor for Non-Leafy 3 not used 3 1.000E-01 = -—= 3 TIVv(D)
R19B 3 Translocation Factor for Leafy 3 not used 3 1.000E+00 3 -—= 3 TIV(2)
R19B 3 Translocation Factor for Fodder 3 not used 3 1.000E+00 3 -—= 3 TIV(3)
R19B 3 Dry Foliar Interception Fraction for Non-Leafy 3 not used 3 2_.500E-01 3 -—= 3 RDRY(1)
R19B = Dry Foliar Interception Fraction for Leafy 3 not used 3 2.500E-01 = -—= 3 RDRY(2)
R19B 3 Dry Foliar Interception Fraction for Fodder 3 not used 3 2.500E-01 3 -—= 3 RDRY(3)
R19B 3 Wet Foliar Interception Fraction for Non-Leafy 3 not used 3 2_.500E-01 3 -—= 3 RWET(1)
R19B 3 Wet Foliar Interception Fraction for Leafy 3 not used 3 2_.500E-01 = -—= 3 RWET(2)
R19B = Wet Foliar Interception Fraction for Fodder 3 not used 3 2.500E-01 = -—= 3 RWET(3)
R19B 3 Weathering Removal Constant for Vegetation 3 not used 3 2.000E+01 3 -—= 3 WLAM

3 3 3 3 3
Cl4 3 C-12 concentration in water (g/Z/cm**3) 3 not used 3 2.000E-05 = -—= 3 C12WTR
Cl4 3 C-12 concentration in contaminated soil (g/79) 3 not used 3 3.000E-02 = -—= 3 Cl2cz
Cl4 3 Fraction of vegetation carbon from soil 3 not used 3 2.000E-02 3 -—= 3 CSOIL
Cl4 3 Fraction of vegetation carbon from air 3 not used 3 9.800E-01 3 -— 3 CAIR
Cl4 3 C-14 evasion layer thickness in soil (m) 3 not used 3 3.000E-01 = -—= 3 DMC
Cl4 3 C-14 evasion flux rate from soil (1/sec) 3 not used 3 7.000E-07 = -—= 3 EVSN
Cl4 3 C-12 evasion flux rate from soil (1/sec) 3 not used 3 1.000E-10 3 -——= 3 REVSN
Cl4 3 Fraction of grain in beef cattle feed 3 not used 3 8.000E-01 3 -—= 3 AVFG4
Cl4 3 Fraction of grain in milk cow feed 3 not used 3 2.000E-01 = -—= 3 AVFG5
C14 3 DCF correction factor for gaseous forms of Cl14 2 not used = 0.000E+00 3 -— 2 CO2F

3 3 3 3 3
STOR 3 Storage times of contaminated foodstuffs (days): 3 3 3 3
STOR 3 Fruits, non-leafy vegetables, and grain 3 1.400E+01 3 1.400E+01 = -—= 3 STOR_T(1)
STOR 3 Leafy vegetables 3 1.000E+00 3 1.000E+00 3 - 3 STOR_T(2)
STOR 3  Milk 3 1.000E+00 3 1.000E+00 3 - 3 STOR_T(3)
STOR 3 Meat and poultry 3 2_000E+01 3 2_000E+01 = -—= 3 STOR_T(4)
STOR 3  Fish 3 7.000E+00 3 7.000E+00 3 - 3 STOR_T(5)
STOR 3  Crustacea and mollusks 3 7.000E+00 3 7.000E+00 = -—= 3 STOR_T(6)
STOR 3 Well water 3 1.000E+00 3 1.000E+00 =3 - 3 STOR_T(7)
STOR 2  Surface water 3 1.000E+00 3 1.000E+00 = -— 3 STOR_T(8)
STOR 3  Livestock fodder 3 4_500E+01 3 4_500E+01 3 -— 3 STOR_T(9)

3 3 3 3 3
R021 2 Thickness of building foundation (m) 3 not used 3 1.500E-01 3 - 3 FLOOR1
R021 =3 Bulk density of building foundation (g/cm**3) 3 not used 3 2.400E+00 = - 3 DENSFL
R021 = Total porosity of the cover material 2 not used 3 4.000E-01 3 -— 2 TPCV
R021 3 Total porosity of the building foundation 3 not used 3 1.000E-01 3 -——= 3 TPFL
R021 3 Volumetric water content of the cover material 3 not used 3 5.000E-02 3 - 3 PH20CV

Uncontrolled When Printed
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Summary : CAU 476 File: CAU 476.RAD
Site-Specific Parameter Summary (contlnued)
0 3 3 User 3 Used by RESRAD 3 Parameter
Menu 3 Parameter 3 Input 3 Default 3 (If different from user input) 3 Name

ARAAAAAAAAAAARAARAAAAAAAAARAAARAAARAAARAAARAAARAAARAAARAARAARAARAARAAARAARAARAARAAARAARAAARAAAAARAARAARAARAARAARAARAARAARAARAARAARAARAARAAA

R0O21 2 Volumetric water content of the foundation 3 not used 3 3.000E-02 3 -—= 3 PH20FL

R0O21 = Diffusion coefficient for radon gas (m/sec): 3 3 3

RO21 =3 in cover material 3 not used 3 2.000E-06 =3 - 3 DIFCV

RO21 = in foundation material 3 not used 3 3.000E-07 3 -— 3 DIFFL

RO21 = in contaminated zone soil 3 not used 3 2.000E-06 3 -—= 3 DIFCZ

R0O21 3 Radon vertical dimension of mixing (m) 3 not used 3 2.000E+00 = -—= 3 HMIX

R021 3 Average building air exchange rate (1/hr) 3 not used 3 5.000E-01 3 -——= 3 REXG

R021 3 Height of the building (room) (m) 3 not used 3 2.500E+00 3 -—= 3 HRM

RO21 3 Building interior area factor 3 not used 3 0.000E+00 3 -—= 3 FAl

R0O21 = Building depth below ground surface (m) 3 not used 3-1.000E+00 = -—= 3 DMFL

R021 3 Emanating power of Rn-222 gas 3 not used 3 2.500E-01 3 -——= 3 EMANA(1)

R0O21 3 Emanating power of Rn-220 gas 3 not used 3 1.500E-01 3 -—= 3 EMANA(2)
3 3 3 3 3

TITL 3 Number of graphical time points 3 32 3 -—= 3 -—= 3 NPTS

TITL 3 Maximum number of integration points for dose 3 17 3 -——= 3 -—= 3 LYMAX

TITL 3 Maximum number of integration points for risk 3 257 3 -— 3 3 KYMAX

Summary of Pathway Selections

Pathway 3 User Selection
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

1 -- external gamma 3 active

2 -- inhalation (w/o radon)3 active

3 -- plant ingestion 3 suppressed
4 -- meat ingestion 3 suppressed
5 -- milk ingestion 3 suppressed
6 -- aquatic foods 3 suppressed
7 -- drinking water 3 suppressed
8 -- soil ingestion 3 active

9 -- radon 3 suppressed
Find peak pathway doses 3 suppressed

Uncontrolled When Printed
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Summary : CAU 476 File: CAU 476.RAD
Contaminated Zone Dimensions Initial Soil Concentrations, pCi/g
AARAARAARAARAAAAAAAAAAAAAAAA AARAARAARAARAAAAAAAAAAAAAAAAAAAAAA

Area: 100.00 square meters Am-241 2.800E+00
Thickness: 0.15 meters Co-60 1.760E+00
Cover Depth: 0.00 meters Cs-137 3.820E+02
Pu-238 1.030E+00

Pu-239 9.600E+00

Sb-125 3.000E+00

Sr-90 1.300E+01

Total Dose TDOSE(t), mrem/yr
Basic Radiation Dose Limit = 2_500E+01 mrem/yr

Total Mixture Sum M(t) = Fraction of Basic Dose Limit Received at Time (t)

AARAARAARAARAAAAAAAARAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
t (years): O0.000E+00 1.000E+00 5.000E+00 1.000E+01 1.300E+01 1.500E+01 3.000E+01 1.000E+02 3.000E+02
TDOSE(t): 3.556E+01 3.451E+01 3.087E+01 2.691E+01 2.480E+01 2.349E+01 1.561E+01 1.826E+00 0.000OE+00
M(t): 1.423E+00 1.380E+00 1.235E+00 1.077E+00 9.922E-01 9.398E-01 6.245E-01 7.305E-02 0.000E+00

OMaximum TDOSE(t): 3.556E+01 mrem/yr at t = 0.000E+00 years

Uncontrolled When Printed

1.000E+03
0.000E+00
0.000E+00



1RESRAD,

Summary :

Radio-
Nuclide
AAAAAAA
Am-241
Co-60
Cs-137
Pu-238
Pu-239
Sb-125
TINenen
Total

Radio-
Nuclide
AAAAAAA
Am-241
Co-60
Cs-137
Pu-238
Pu-239
Sb-125
Innn
Total
0*Sum of
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CAU 476 File: CAU 476_RAD

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and
As mrem/yr and Fraction of Total Dose At t = 0.000E+00 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat
AAAAAARARARAAAAA ~ ARAAAAAAAARARAAA  AAAAARAAAAAAAARA  AAAAAAARARAAAAAA  AAAAAAAAAAAAAARAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARAAAAAAA AAAARAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA
3.828E-03 0.0001 1.394E-02 0.0004 0.000E+00 0.0000 0.000OE+00 0.0000 0.000OE+00 0.0000
6.732E-01 0.0189 4.094E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
3.469E+01 0.9755 1.366E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
5.335E-06 0.0000 4.559E-03 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
8.623E-05 0.0000 4.668E-02 0.0013 0.000E+00 0.0000 0.000OE+00 0.0000 0.000OE+00 0.0000
7.627E-02 0.0021 1.788E-07 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
8.917E-03 0.0003 1.893E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TOOOOI0eT T000ir TO0Oeinen T0eenir UO0enefef I0eeer OO0eeeief ©O0enn OOeeemennm ©oinnnn
3.545E+01 0.9969 6.551E-02 0.0018 0.000E+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and
As mrem/yr and Fraction of Total Dose At t = 0.000E+00 years
Water Dependent Pathways
Water Fish Radon Plant Meat

AAAAAARARARAAAAA ~ ARAAAAAAAAAAAAAA  AAAAAAAAAAAAAAARA  AAAAAAAAAAAAAAAA  AAAAAAAAAAAAAAAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AAAARARAR AAAAAA  ARARAAAAA AARAARA  AAARARAAA AAAARA  AAAAAAARA ARAAAA  AARAAAAAA ARARAA
0.000E+00 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O0.00OE+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000 0.000OE+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TITOOOOND TO000T OOOOOOOOT TOOO00 OOOOOOOOT OOO0e0 OOOOOOOOT OOOOf0r OOOOTOOOT OOOIIT
0.000E+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
all water independent and dependent pathways.

Uncontrolled When Printed

Pathways (p)

Milk
AAAAARAAAAARAAAA
mrem/yr fract.
AAAAAAAAA AAAAAA
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0
ITIIINeT 1Ininin
0.000E+00

Pathways (p)

Milk
ARAAAAAAAAAAAARAA
mrem/yr fract.
AAAAAAAAA AAAAAA
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0
ITENIONIT 10nnen
0.000E+00

Soil

AAAAAAAAAAAAAAAA
mrem/yr fract.
AAAAAAAAA AAAAAA
6.690E-03 0.0002
2_.943E-05 0.0000
1.253E-02 0.0004
2_.178E-03 0.0001
2_255E-02 0.0006
2_.753E-06 0.0000
1.294E-03 0.0000
ITOONINNn T0inan
4.527E-02 0.0013

All Pathways*
ARAAAAAARAARAARAA
mrem/yr fract.
AAAAAAAAA AAAAAA
2.446E-02 0.0007
6.732E-01 0.0189
3.470E+01 0.9758
6.742E-03 0.0002
6.932E-02 0.0019
7.628E-02 0.0021
1.040E-02 O
TOOIIOIIn 1nnnen
3.556E+01



1RESRAD,

Summary :

Radio-
Nuclide
AAAAAAA
Am-241
Co-60
Cs-137
Pu-238
Pu-239
Sb-125
TINenen
Total

Radio-
Nuclide
AAAAAAA
Am-241
Co-60
Cs-137
Pu-238
Pu-239
Sb-125
Innn
Total
0*Sum of

Version 6.3 T« Limit = 180 days 01/30/2007 15:00 Page 15
CAU 476 File: CAU 476_RAD
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and
As mrem/yr and Fraction of Total Dose At t = 1.000E+00 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat
AAAAAARARARAAAAA ~ ARAAAAAAAARARAAA  AAAAARAAAAAAAARA  AAAAAAARARAAAAAA  AAAAAAAAAAAAAARAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARAAAAAAA AAAARAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA
3.746E-03 0.0001 1.355E-02 0.0004 0.000E+00 0.0000 0.000OE+00 0.0000 0.000OE+00 0.0000
5.878E-01 0.0170 3.564E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
3.379E+01 0.9792 1.325E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
5.292E-06 0.0000 4.492E-03 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
8.606E-05 0.0000 4.636E-02 0.0013 0.000E+00 0.0000 0.000OE+00 0.0000 0.000OE+00 0.0000
6.900E-03 0.0002 1.611E-08 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
8_.569E-03 0.0002 1.811E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TOOOOI0eT T000ir TO0Oeinen T0eenir UO0enefef I0eeer OO0eeeief ©O0enn OOeeemennm ©oinnnn
3.440E+01 0.9968 6.472E-02 0.0019 0.000E+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and
As mrem/yr and Fraction of Total Dose At t = 1.000E+00 years
Water Dependent Pathways
Water Fish Radon Plant Meat
AAAAAARARARAAAAA ~ ARAAAAAAAAAAAAAA  AAAAAAAAAAAAAAARA  AAAAAAAAAAAAAAAA  AAAAAAAAAAAAAAAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AAAARARAR AAAAAA  ARARAAAAA AARAARA  AAARARAAA AAAARA  AAAAAAARA ARAAAA  AARAAAAAA ARARAA
0.000E+00 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O0.00OE+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000 0.000OE+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TITOOOOND TO000T OOOOOOOOT TOOO00 OOOOOOOOT OOO0e0 OOOOOOOOT OOOOf0r OOOOTOOOT OOOIIT
0.000E+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
all water independent and dependent pathways.

Uncontrolled When Printed

Pathways (p)

Milk
AAAAARAAAAARAAAA
mrem/yr fract.
AAAAAAAAA AAAAAA
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0
ITIIINeT 1Ininin
0.000E+00

Pathways (p)

Milk
ARAAAAAAAAAAAARAA
mrem/yr fract.
AAAAAAAAA AAAAAA
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0
ITENIONIT 10nnen
0.000E+00

Soil

AAAAAAAAAAAAAAAA
mrem/yr fract.
AAAAAAAAA AAAAAA
6.503E-03 0.0002
2_.562E-05 0.0000
1.216E-02 0.0004
2_.146E-03 0.0001
2_.239E-02 0.0006
2.481E-07 0.0000
1.238E-03 0.0000
ITOONINNn T0inan
4.446E-02 0.0013

All Pathways*
ARAAAAAARAARAARAA
mrem/yr fract.
AAAAAAAAA AAAAAA
2.380E-02 0.0007
5.878E-01 0.0170
3.380E+01 0.9796
6.643E-03 0.0002
6.884E-02 0.0020
6.900E-03 0.0002
9.988E-03 0
TOOIIOIIn 1nnnen
3.451E+01



1RESRAD,

Summary :

Radio-
Nuclide
AAAAAAA
Am-241
Co-60
Cs-137
Pu-238
Pu-239
Sb-125
TINenen
Total

Radio-
Nuclide
AAAAAAA
Am-241
Co-60
Cs-137
Pu-238
Pu-239
Sb-125
Innn
Total
0*Sum of

Version 6.3 T« Limit = 180 days 01/30/2007 15:00 Page 16
CAU 476 File: CAU 476_RAD
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and
As mrem/yr and Fraction of Total Dose At t = 5.000E+00 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat
AAAAAARARARAAAAA ~ ARAAAAAAAARARAAA  AAAAARAAAAAAAARA  AAAAAAARARAAAAAA  AAAAAAAAAAAAAARAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARAAAAAAA AAAARAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA
3.434E-03 0.0001 1.209E-02 0.0004 0.000E+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000
3.416E-01 0.0111 2.046E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
3.041E+01 0.9852 1.175E-04 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
5.121E-06 0.0000 4.231E-03 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
8.536E-05 0.0000 4.507E-02 0.0015 0.000E+00 0.0000 0.000OE+00 0.0000 0.000OE+00 0.0000
4_.606E-07 0.0000 1.060E-12 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
7_.305E-03 0.0002 1.519E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TOOOOI0eT T000ir TO0Oeinen T0eenir UO0enefef I0eeer OO0eeeief ©O0enn OOeeemennm ©oinnnn
3.076E+01 0.9967 6.166E-02 0.0020 0.000E+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and
As mrem/yr and Fraction of Total Dose At t = 5.000E+00 years
Water Dependent Pathways
Water Fish Radon Plant Meat
AAAAAARARARAAAAA ~ ARAAAAAAAAAAAAAA  AAAAAAAAAAAAAAARA  AAAAAAAAAAAAAAAA  AAAAAAAAAAAAAAAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AAAARARAR AAAAAA  ARARAAAAA AARAARA  AAARARAAA AAAARA  AAAAAAARA ARAAAA  AARAAAAAA ARARAA
0.000E+00 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O0.00OE+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000 0.000OE+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TITOOOOND TO000T OOOOOOOOT TOOO00 OOOOOOOOT OOO0e0 OOOOOOOOT OOOOf0r OOOOTOOOT OOOIIT
0.000E+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
all water independent and dependent pathways.

Uncontrolled When Printed

Pathways (p)

Milk
AAAAARAAAAARAAAA
mrem/yr fract.
AAAAAAAAA AAAAAA
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0
ITIIINeT 1Ininin
0.000E+00

Pathways (p)

Milk
ARAAAAAAAAAAAARAA
mrem/yr fract.
AAAAAAAAA AAAAAA
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0
ITENIONIT 10nnen
0.000E+00

Soil

AAAAAAAAAAAAAAAA
mrem/yr fract.
AAAAAAAAA AAAAAA
5.801E-03 0.0002
1.471E-05 0.0000
1.078E-02 0.0003
2_.022E-03 0.0001
2.177E-02 0.0007
1.632E-11 0.0000
1.038E-03 0.0000
ITOONINNn T0inan
4.143E-02 0.0013

All Pathways*
ARAAAAAARAARAARAA
mrem/yr fract.
AAAAAAAAA AAAAAA
2.132E-02 0.0007
3.417E-01 0.0111
3.042E+01 0.9856
6.258E-03 0.0002
6.692E-02 0.0022
4.607E-07 0.0000
8.495E-03 0O
TOOIIOIIn 1nnnen
3.087E+01



1RESRAD,

Summary :

Radio-
Nuclide
AAAAAAA
Am-241
Co-60
Cs-137
Pu-238
Pu-239
Sb-125
TINenen
Total

Radio-
Nuclide
AAAAAAA
Am-241
Co-60
Cs-137
Pu-238
Pu-239
Sb-125
Innn
Total
0*Sum of

Version 6.3 T« Limit = 180 days 01/30/2007 15:00 Page 17
CAU 476 File: CAU 476_RAD
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and
As mrem/yr and Fraction of Total Dose At t = 1.000E+01 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat
AAAAAARARARAAAAA ~ ARAAAAAAAARARAAA  AAAAARAAAAAAAARA  AAAAAAARARAAAAAA  AAAAAAAAAAAAAARAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARAAAAAAA AAAARAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA
3.081E-03 0.0001 1.047E-02 0.0004 0.000E+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000
1.732E-01 0.0064 1.021E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
2_.664E+01 0.9897 1.010E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
4_.915E-06 0.0000 3.923E-03 0.0001 O0.000OE+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000
8.446E-05 0.0000 4.346E-02 0.0016 0.000E+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000
2_.778E-12 0.0000 6.268E-18 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
5.980E-03 0.0002 1.217E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TOOOOI0eT T000ir TO0Oeinen T0eenir UO0enefef I0eeer OO0eeeief ©O0enn OOeeemennm ©oinnnn
2_.682E+01 0.9964 5.808E-02 0.0022 0.000E+00 0.0000 0.000OE+00 0.0000 0.000OE+00 0.0000
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and
As mrem/yr and Fraction of Total Dose At t = 1.000E+01 years
Water Dependent Pathways
Water Fish Radon Plant Meat
AAAAAARARARAAAAA ~ ARAAAAAAAAAAAAAA  AAAAAAAAAAAAAAARA  AAAAAAAAAAAAAAAA  AAAAAAAAAAAAAAAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AAAARARAR AAAAAA  ARARAAAAA AARAARA  AAARARAAA AAAARA  AAAAAAARA ARAAAA  AARAAAAAA ARARAA
0.000E+00 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O0.00OE+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000 0.000OE+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TITOOOOND TO000T OOOOOOOOT TOOO00 OOOOOOOOT OOO0e0 OOOOOOOOT OOOOf0r OOOOTOOOT OOOIIT
0.000E+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
all water independent and dependent pathways.

Uncontrolled When Printed

Pathways (p)

Milk
AAAAARAAAAARAAAA
mrem/yr fract.
AAAAAAAAA AAAAAA
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0
ITIIINeT 1Ininin
0.000E+00

Pathways (p)

Milk
ARAAAAAAAAAAAARAA
mrem/yr fract.
AAAAAAAAA AAAAAA
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0
ITENIONIT 10nnen
0.000E+00

Soil

AAAAAAAAAAAAAAAA
mrem/yr fract.
AAAAAAAAA AAAAAA
5.024E-03 0.0002
7.343E-06 0.0000
9.270E-03 0.0003
1.874E-03 0.0001
2_.099E-02 0.0008
9.652E-17 0.0000
8.318E-04 0.0000
ITOONINNn T0inan
3.800E-02 0.0014

All Pathways*
ARAAAAAARAARAARAA
mrem/yr fract.
AAAAAAAAA AAAAAA
1.857E-02 0.0007
1.733E-01 0.0064
2.664E+01 0.9900
5.802E-03 0.0002
6.453E-02 0.0024
2_.778E-12 0.0000
6.934E-03 0O
TOOIIOIIn 1nnnen
2_.691E+01



1RESRAD,

Summary :

Radio-
Nuclide
AAAAAAA
Am-241
Co-60
Cs-137
Pu-238
Pu-239
Sb-125
TINenen
Total

Radio-
Nuclide
AAAAAAA
Am-241
Co-60
Cs-137
Pu-238
Pu-239
Sb-125
Innn
Total
0*Sum of

Version 6.3 T« Limit = 180 days 01/30/2007 15:00 Page 18
CAU 476 File: CAU 476_RAD
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and
As mrem/yr and Fraction of Total Dose At t = 1.300E+01 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat
AAAAAARARARAAAAA ~ ARAAAAAAAARARAAA  AAAAARAAAAAAAARA  AAAAAAARARAAAAAA  AAAAAAAAAAAAAARAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARAAAAAAA AAAARAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA
2_.886E-03 0.0001 9.599E-03 0.0004 0.000E+00 0.0000 0.000OE+00 0.0000 0.000OE+00 0.0000
1.152E-01 0.0046 6.728E-07 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
2_459E+01 0.9913 9.223E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
4_.795E-06 0.0000 3.746E-03 0.0002 0.000E+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000
8.390E-05 0.0000 4.249E-02 0.0017 0.000E+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000
2_.050E-15 0.0000 4.571E-21 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
5.302E-03 0.0002 1.065E-04 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TOOOOI0eT T000ir TO0Oeinen T0eenir UO0enefef I0eeer OO0eeeief ©O0enn OOeeemennm ©oinnnn
2_471E+01 0.9963 5.604E-02 0.0023 0.000E+00 0.0000 0.000OE+00 0.0000 0.000OE+00 0.0000
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and
As mrem/yr and Fraction of Total Dose At t = 1.300E+01 years
Water Dependent Pathways
Water Fish Radon Plant Meat
AAAAAARARARAAAAA ~ ARAAAAAAAAAAAAAA  AAAAAAAAAAAAAAARA  AAAAAAAAAAAAAAAA  AAAAAAAAAAAAAAAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AAAARARAR AAAAAA  ARARAAAAA AARAARA  AAARARAAA AAAARA  AAAAAAARA ARAAAA  AARAAAAAA ARARAA
0.000E+00 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O0.00OE+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000 0.000OE+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TITOOOOND TO000T OOOOOOOOT TOOO00 OOOOOOOOT OOO0e0 OOOOOOOOT OOOOf0r OOOOTOOOT OOOIIT
0.000E+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
all water independent and dependent pathways.

Uncontrolled When Printed

Pathways (p)

Milk
AAAAARAAAAARAAAA
mrem/yr fract.
AAAAAAAAA AAAAAA
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0
ITIIINeT 1Ininin
0.000E+00

Pathways (p)

Milk
ARAAAAAAAAAAAARAA
mrem/yr fract.
AAAAAAAAA AAAAAA
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0
ITENIONIT 10nnen
0.000E+00

Soil

AAAAAAAAAAAAAAAA
mrem/yr fract.
AAAAAAAAA AAAAAA
4 _.606E-03 0.0002
4.837E-06 0.0000
8.461E-03 0.0003
1.790E-03 0.0001
2_.052E-02 0.0008
7.039E-20 0.0000
7.279E-04 0.0000
ITOONINNn T0inan
3.611E-02 0.0015

All Pathways*
ARAAAAAARAARAARAA
mrem/yr fract.
AAAAAAAAA AAAAAA
1.709E-02 0.0007
1.152E-01 0.0046
2_.460E+01 0.9917
5.541E-03 0.0002
6.310E-02 0.0025
2.050E-15 0.0000
6.136E-03 0O
TOOIIOIIn 1nnnen
2_.480E+01



1RESRAD,

Summary :

Radio-
Nuclide
AAAAAAA
Am-241
Co-60
Cs-137
Pu-238
Pu-239
Sb-125
TINenen
Total

Radio-
Nuclide
AAAAAAA
Am-241
Co-60
Cs-137
Pu-238
Pu-239
Sb-125
Innn
Total
0*Sum of

Version 6.3 T« Limit = 180 days 01/30/2007 15:00 Page 19
CAU 476 File: CAU 476_RAD
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and
As mrem/yr and Fraction of Total Dose At t = 1.500E+01 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat
AAAAAARARARAAAAA ~ ARAAAAAAAARARAAA  AAAAARAAAAAAAARA  AAAAAAARARAAAAAA  AAAAAAAAAAAAAARAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARAAAAAAA AAAARAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA
2_.763E-03 0.0001 9.056E-03 0.0004 0.000E+00 0.0000 0.000OE+00 0.0000 0.000OE+00 0.0000
8.776E-02 0.0037 5.092E-07 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
2_.331E+01 0.9921 8.676E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
4_.717E-06 0.0000 3.632E-03 0.0002 0.000E+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000
8.352E-05 0.0000 4.185E-02 0.0018 0.000E+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000
1.674E-17 0.0000 3.703E-23 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
4_.892E-03 0.0002 9.739E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TOOOOI0eT T000ir TO0Oeinen T0eenir UO0enefef I0eeer OO0eeeief ©O0enn OOeeemennm ©oinnnn
2_.340E+01 0.9962 5.473E-02 0.0023 0.000E+00 0.0000 0.000OE+00 0.0000 0.000OE+00 0.0000
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and
As mrem/yr and Fraction of Total Dose At t = 1.500E+01 years
Water Dependent Pathways
Water Fish Radon Plant Meat
AAAAAARARARAAAAA ~ ARAAAAAAAAAAAAAA  AAAAAAAAAAAAAAARA  AAAAAAAAAAAAAAAA  AAAAAAAAAAAAAAAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AAAARARAR AAAAAA  ARARAAAAA AARAARA  AAARARAAA AAAARA  AAAAAAARA ARAAAA  AARAAAAAA ARARAA
0.000E+00 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O0.00OE+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000 0.000OE+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TITOOOOND TO000T OOOOOOOOT TOOO00 OOOOOOOOT OOO0e0 OOOOOOOOT OOOOf0r OOOOTOOOT OOOIIT
0.000E+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
all water independent and dependent pathways.

Uncontrolled When Printed

Pathways (p)

Milk
AAAAARAAAAARAAAA
mrem/yr fract.
AAAAAAAAA AAAAAA
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0
ITIIINeT 1Ininin
0.000E+00

Pathways (p)

Milk
ARAAAAAAAAAAAARAA
mrem/yr fract.
AAAAAAAAA AAAAAA
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0
ITENIONIT 10nnen
0.000E+00

Soil

AAAAAAAAAAAAAAAA
mrem/yr fract.
AAAAAAAAA AAAAAA
4 .346E-03 0.0002
3.661E-06 0.0000
7.959E-03 0.0003
1.735E-03 0.0001
2.021E-02 0.0009
5.702E-22 0.0000
6.657E-04 0.0000
ITOONINNn T0inan
3.492E-02 0.0015

All Pathways*
ARAAAAAARAARAARAA
mrem/yr fract.
AAAAAAAAA AAAAAA
1.617E-02 0.0007
8.777E-02 0.0037
2.332E+01 0.9925
5.372E-03 0.0002
6.215E-02 0.0026
1.674E-17 0.0000
5.655E-03 0
TOOIIOIIn 1nnnen
2.349E+01



1RESRAD,

Summary :

Radio-
Nuclide
AAAAAAA
Am-241
Co-60
Cs-137
Pu-238
Pu-239
Sb-125
TINenen
Total

Radio-
Nuclide
AAAAAAA
Am-241
Co-60
Cs-137
Pu-238
Pu-239
Sb-125
Innn
Total
0*Sum of

Version 6.3 T« Limit = 180 days 01/30/2007 15:00 Page 20
CAU 476 File: CAU 476_RAD
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and
As mrem/yr and Fraction of Total Dose At t = 3.000E+01 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat
AAAAAARARARAAAAA ~ ARAAAAAAAARARAAA  AAAAARAAAAAAAARA  AAAAAAARARAAAAAA  AAAAAAAAAAAAAARAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARAAAAAAA AAAARAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA
1.993E-03 0.0001 5.810E-03 0.0004 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
1.133E-02 0.0007 6.255E-08 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
1.552E+01 0.9943 5.443E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
4_.166E-06 0.0000 2.858E-03 0.0002 0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000
8.046E-05 0.0000 3.706E-02 0.0024 0.000E+00 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
2_664E-03 0.0002 4.949E-05 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TOOOOI0eT T000ir TO0Oeinen T0eenir UO0enefef I0eeer OO0eeeief ©O0enn OOeeemennm ©oinnnn
1.554E+01 0.9953 4.583E-02 0.0029 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and
As mrem/yr and Fraction of Total Dose At t = 3.000E+01 years
Water Dependent Pathways
Water Fish Radon Plant Meat
AAAAAARARARAAAAA ~ ARAAAAAAAAAAAAAA  AAAAAAAAAAAAAAARA  AAAAAAAAAAAAAAAA  AAAAAAAAAAAAAAAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AAAARARAR AAAAAA  ARARAAAAA AARAARA  AAARARAAA AAAARA  AAAAAAARA ARAAAA  AARAAAAAA ARARAA
0.000E+00 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O0.00OE+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000 0.000OE+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TITOOOOND TO000T OOOOOOOOT TOOO00 OOOOOOOOT OOO0e0 OOOOOOOOT OOOOf0r OOOOTOOOT OOOIIT
0.000E+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
all water independent and dependent pathways.

Uncontrolled When Printed

Pathways (p)

Milk
AAAAARAAAAARAAAA
mrem/yr fract.
AAAAAAAAA AAAAAA
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0
ITIIINeT 1Ininin
0.000E+00

Pathways (p)

Milk
ARAAAAAAAAAAAARAA
mrem/yr fract.
AAAAAAAAA AAAAAA
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0
ITENIONIT 10nnen
0.000E+00

Soil

AAAAAAAAAAAAAAAA
mrem/yr fract.
AAAAAAAAA AAAAAA
2.788E-03 0.0002
4_.497E-07 0.0000
4_.994E-03 0.0003
1.365E-03 0.0001
1.790E-02 0.0011
0.000E+00 0.0000
3.383E-04 0.0000
ITOONINNn T0inan
2_.738E-02 0.0018

All Pathways*
ARAAAAAARAARAARAA
mrem/yr fract.
AAAAAAAAA AAAAAA
1.059E-02 0.0007
1.133E-02 0.0007
1.553E+01 0.9946
4_.227E-03 0.0003
5.503E-02 0.0035
0.000E+00 0.0000
3.052E-03 0O
TOOIIOIIn 1nnnen
1.561E+01



1RESRAD,

Summary :

Radio-
Nuclide
AAAAAAA
Am-241
Co-60
Cs-137
Pu-238
Pu-239
Sb-125
TINenen
Total

Radio-
Nuclide
AAAAAAA
Am-241
Co-60
Cs-137
Pu-238
Pu-239
Sb-125
Innn
Total
0*Sum of
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CAU 476 File: CAU 476_RAD
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and
As mrem/yr and Fraction of Total Dose At t = 1.000E+02 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat
AAAAAARARARAAAAA ~ ARAAAAAAAARARAAA  AAAAARAAAAAAAARA  AAAAAAARARAAAAAA  AAAAAAAAAAAAAARAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARAAAAAAA AAAARAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA
4_.023E-04 0.0002 5.264E-04 0.0003 0.000E+00 0.0000 0.000E+00 0.0000 0.000OE+00 0.0000
6.194E-07 0.0000 2.532E-12 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
1.801E+00 0.9862 4.446E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
2_.231E-06 0.0000 6.713E-04 0.0004 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
5.660E-05 0.0000 1.510E-02 0.0083 0.000E+00 0.0000 0.000OE+00 0.0000 0.000OE+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
1.237E-04 0.0001 1.511E-06 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TOOOOI0eT T000ir TO0Oeinen T0eenir UO0enefef I0eeer OO0eeeief ©O0enn OOeeemennm ©oinnnn
1.802E+00 0.9865 1.631E-02 0.0089 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and
As mrem/yr and Fraction of Total Dose At t = 1.000E+02 years
Water Dependent Pathways
Water Fish Radon Plant Meat
AAAAAARARARAAAAA ~ ARAAAAAAAAAAAAAA  AAAAAAAAAAAAAAARA  AAAAAAAAAAAAAAAA  AAAAAAAAAAAAAAAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AAAARARAR AAAAAA  ARARAAAAA AARAARA  AAARARAAA AAAARA  AAAAAAARA ARAAAA  AARAAAAAA ARARAA
0.000E+00 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O0.00OE+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000 0.000OE+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TITOOOOND TO000T OOOOOOOOT TOOO00 OOOOOOOOT OOO0e0 OOOOOOOOT OOOOf0r OOOOTOOOT OOOIIT
0.000E+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
all water independent and dependent pathways.

Uncontrolled When Printed

Pathways (p)

Milk
AAAAARAAAAARAAAA
mrem/yr fract.
AAAAAAAAA AAAAAA
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0
ITIIINeT 1Ininin
0.000E+00

Pathways (p)

Milk
ARAAAAAAAAAAAARAA
mrem/yr fract.
AAAAAAAAA AAAAAA
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0
ITENIONIT 10nnen
0.000E+00

Soil

AAAAAAAAAAAAAAAA
mrem/yr fract.
AAAAAAAAA AAAAAA
2.526E-04 0.0001
1.820E-11 0.0000
4_.079E-04 0.0002
3.208E-04 0.0002
7.294E-03 0.0040
0.000E+00 0.0000
1.033E-05 0.0000
ITOONINNn T0inan
8.286E-03 0.0045

All Pathways*
ARAAAAAARAARAARAA
mrem/yr fract.
AAAAAAAAA AAAAAA
1.181E-03 0.0006
6.194E-07 0.0000
1.801E+00 0.9864
9.943E-04 0.0005
2.245E-02 0.0123
0.000E+00 0.0000
1 0
TOOIIOIIn 1nnnen
1.826E+00



1RESRAD,

Summary :

Radio-
Nuclide
AAAAAAA
Am-241
Co-60
Cs-137
Pu-238
Pu-239
Sb-125
TINenen
Total

Radio-
Nuclide
AAAAAAA
Am-241
Co-60
Cs-137
Pu-238
Pu-239
Sb-125
Innn
Total
0*Sum of
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CAU 476 File: CAU 476_RAD
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and
As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat
AAAAAARARARAAAAA ~ ARAAAAAAAARARAAA  AAAAARAAAAAAAARA  AAAAAAARARAAAAAA  AAAAAAAAAAAAAARAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARAAAAAAA AAAARAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TOOOOI0eT T000ir TO0Oeinen T0eenir UO0enefef I0eeer OO0eeeief ©O0enn OOeeemennm ©oinnnn
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and
As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years
Water Dependent Pathways
Water Fish Radon Plant Meat
AAAAAARARARAAAAA ~ ARAAAAAAAAAAAAAA  AAAAAAAAAAAAAAARA  AAAAAAAAAAAAAAAA  AAAAAAAAAAAAAAAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AAAARARAR AAAAAA  ARARAAAAA AARAARA  AAARARAAA AAAARA  AAAAAAARA ARAAAA  AARAAAAAA ARARAA
0.000E+00 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O0.00OE+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000 0.000OE+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TITOOOOND TO000T OOOOOOOOT TOOO00 OOOOOOOOT OOO0e0 OOOOOOOOT OOOOf0r OOOOTOOOT OOOIIT
0.000E+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
all water independent and dependent pathways.

Uncontrolled When Printed

Pathways (p)

Milk
AAAAARAAAAARAAAA
mrem/yr fract.
AAAAAAAAA AAAAAA
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0
ITIIINeT 1Ininin
0.000E+00

Pathways (p)

Milk
ARAAAAAAAAAAAARAA
mrem/yr fract.
AAAAAAAAA AAAAAA
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0
ITENIONIT 10nnen
0.000E+00

Soil

AAAAAAAAAAAAAAAA
mrem/yr fract.
AAAAAAAAA AAAAAA
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
ITOONINNn T0inan
0.000E+00 0.0000

All Pathways*
ARAAAAAARAARAARAA
mrem/yr fract.
AAAAAAAAA AAAAAA
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0 0
TOOIIOIIn 1nnnen
0.000E+00



1RESRAD,

Summary :

Radio-
Nuclide
AAAAAAA
Am-241
Co-60
Cs-137
Pu-238
Pu-239
Sb-125
TINenen
Total

Radio-
Nuclide
AAAAAAA
Am-241
Co-60
Cs-137
Pu-238
Pu-239
Sb-125
Innn
Total
0*Sum of
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CAU 476 File: CAU 476_RAD
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and
As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years
Water Independent Pathways (Inhalation excludes radon)
Ground Inhalation Radon Plant Meat
AAAAAARARARAAAAA ~ ARAAAAAAAARARAAA  AAAAARAAAAAAAARA  AAAAAAARARAAAAAA  AAAAAAAAAAAAAARAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
ARAAAAAAA AAAARAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA  AAAAAAAAA AAAAAA
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TOOOOI0eT T000ir TO0Oeinen T0eenir UO0enefef I0eeer OO0eeeief ©O0enn OOeeemennm ©oinnnn
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and
As mrem/yr and Fraction of Total Dose At t = 1.000E+03 years
Water Dependent Pathways
Water Fish Radon Plant Meat
AAAAAARARARAAAAA ~ ARAAAAAAAAAAAAAA  AAAAAAAAAAAAAAARA  AAAAAAAAAAAAAAAA  AAAAAAAAAAAAAAAA
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.
AAAARARAR AAAAAA  ARARAAAAA AARAARA  AAARARAAA AAAARA  AAAAAAARA ARAAAA  AARAAAAAA ARARAA
0.000E+00 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 O0.00OE+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000 0.000OE+00 0.0000
0.000E+00 0.0000 0.00OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
TITOOOOND TO000T OOOOOOOOT TOOO00 OOOOOOOOT OOO0e0 OOOOOOOOT OOOOf0r OOOOTOOOT OOOIIT
0.000E+00 0.0000 0.00OE+00 0.0000 0.000OE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
all water independent and dependent pathways.

Uncontrolled When Printed

Pathways (p)

Milk
AAAAARAAAAARAAAA
mrem/yr fract.
AAAAAAAAA AAAAAA
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0
ITIIINeT 1Ininin
0.000E+00

Pathways (p)

Milk
ARAAAAAAAAAAAARAA
mrem/yr fract.
AAAAAAAAA AAAAAA
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0
ITENIONIT 10nnen
0.000E+00

Soil

AAAAAAAAAAAAAAAA
mrem/yr fract.
AAAAAAAAA AAAAAA
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
ITOONINNn T0inan
0.000E+00 0.0000

All Pathways*
ARAAAAAARAARAARAA
mrem/yr fract.
AAAAAAAAA AAAAAA
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0.000E+00 0.0000
0 0
TOOIIOIIn 1nnnen
0.000E+00



1RESRAD, Version 6.3

T« Limit

Thread

Fraction
I ded-beahil

RPRRRRPRRRE

R RR e

1.000E+00
1.
1
1

000E+00

-000E+00
-000E+00

.000E+00
.000E+00
.840E-09
.000OE+00
.000E+00
.000E+00
.000E+00
.000E+00

-000E+00
-000E+00
-000E+00
.000E+00

.0O0OE+00

1Hnnnni
The DSR includes contributions from associated (half-life 6 180 days) daughters.

1.000E+00
AAAARAAAA
-941E+03
.485E+01
.825E+02
.876E+03
.487E+03
.087E+04

Summary : CAU 476
0 Parent Product
AL C.D B € D B
AAAAAAAAAA AAAAAAAAAA
Am-241 Am-241
Am-241 Np-237+D
Am-241 U-233
Am-241 Th-229+D
Am-241 aDSR(J)
0Co-60 Co-60
0Cs-137+D  Cs-137+D
OPu-238 Pu-238
OPu-238 Pu-238
Pu-238 U-234
Pu-238 Th-230
Pu-238 Ra-226+D
Pu-238 Pb-210+D
Pu-238 abDSR(J)
OPu-239 Pu-239
Pu-239 U-235+D
Pu-239 Pa-231
Pu-239 Ac-227+D
Pu-239 absrR(g)
0Sb-125+D Sb-125+D
0Sr-90+D Sr-90+D
TOOOOOONONT TOORIOnenn Tenenenen
0
ONuclide
(i) t= 0.000E+00
ARAAAAA ARAAAAAAA
Am-241 2.862E+03
Co-60 6.536E+01
Cs-137 2.752E+02
Pu-238 3.819E+03
Pu-239 3.462E+03
Sb-125 9.833E+02
Sr-90 3.125E+04

wl—‘wwl\)\ll\)

*At specific activity limit

= 180 days

01/30/2007 15:00 Page 24

File: CAU 476_RAD

Dose/Source Ratios Summed Over All Pathways
Parent and Progeny Principal Radionuclide Contributions Indicated

0.000E+00 1.000E+00
AAARAAAAA AAARAAAAA
8.736E-03 8.500E-03
6.612E-09 1.957E-08
4.126E-16 2.846E-15
4.002E-19 5.942E-18
8.736E-03 8.500E-03
3.825E-01 3.340E-01
9.085E-02 8.849E-02
1.204E-11 1.187E-11
6.546E-03 6.450E-03
2.390E-09 7.076E-09
1.733E-14 1.200E-13
1.298E-16 1.932E-15
1.494E-20 4.559E-19
6.546E-03 6.450E-03
7.220E-03 7.170E-03
1.195E-11 3.566E-11
9.346E-17 6.479E-16
3.928E-18 5.782E-17
7.220E-03 7.170E-03
2.543E-02 2.300E-03
8.000E-04 7.683E-04

DSR(j
5_000E+00 1.000E+01
AAAAAAAAA AAAAAAAAA
7.616E-03 6.634E-03
6.767E-08 1.200E-07
3.460E-14 1.155E-13
2.537E-16 1.652E-15
7.616E-03 6.634E-03
1.941E-01 9.844E-02
7.964E-02 6.975E-02
1.118E-11 1.036E-11
6.076E-03 5.633E-03
2_446E-08 4_331E-08
1.488E-12 5_088E-12
8.336E-14 5.501E-13
6.379E-17 7.650E-16
6.076E-03 5.633E-03
6.971E-03 6.722E-03
1.275E-10 2.355E-10
8.053E-15 2.765E-14
2_.375E-15 1.475E-14
6.971E-03 6.722E-03
1.536E-07 9.261E-13
6.534E-04 5_334E-04

1.300E+01
AAAARAAAA
6.104E-03
1.475E-07
1.812E-13
3.383E-15
6.104E-03
6.546E-02
6.439E-02
9.898E-12
5.380E-03
5.319E-08
8.098E-12
1.135E-12
1.976E-15
5.380E-03
6.573E-03
2.969E-10
4.411E-14
2.937E-14
6.573E-03
6.834E-16

,t) At Time in Years (mrem/

1.500E+01
AAAAAAAAA
5.773E-03
1.644E-07
2.306E-13
4_996E-15
5.773E-03
4_987E-02
6.104E-02
9.597E-12
5.216E-03
5.921E-08
1.041E-11
1.685E-12
3.308E-15
5.216E-03
6.474E-03
3.364E-10
5.678E-14
4.257E-14
6.474E-03
5.580E-18
4.

yr)/(pCi/g)
3_000E+01 1.
AAAAAAAAA AA
3.782E-03 4.
2_590E-07 2
6.836E-13 1
3.158E-14 3
3.782E-03 4
6.440E-03 3
4.065E-02 4
7.551E-12 1
4_104E-03 9
9.176E-08 7
3.309E-11 1.
1.104E-11 1
3.747E-14 9
4_104E-03 9
5.733E-03 2
5.972E-10 9
1.829E-13 6
2.359E-13 1
5.733E-03 2
1.213E-33 0
2. 1.

Single Radionuclide Soil Guidelines G(i,t) in pCi/g
Basic Radiation Dose Limit = 2_500E+01 mrem/yr

5.000E+00
AAAARAAAA
3.283E+03
1.288E+02
3.139E+02
4.115E+03
3.586E+03
1.628E+08
3.

1.000E+01  1.300E+01  1.500E+01
AAAAAAAAA  AAAAAAAAA  AAAAAAAAA
3.769E+03  4.096E+03  4.330E+03
2.540E+02  3.819E+02  5.013E+02
3.584E+02  3.882E+02  4.096E+02
4_438E+03  4.647E+03  4.793E+03
3.719E+03  3.803E+03  3.862E+03
2.700E+13 *1.033E+15 *1.033E+15
4_687E+04  5.296E+04  5.747E+04

3.000E+01
AAAABRAAAA
6.610E+03
3.882E+03
6.150E+02
6.092E+03
4.361E+03
1.033E+15
1.

Uncontrolled When Printed

1.000E+02
AAAARAAAA
5.926E+04
7.104E+07
5.301E+03
2.590E+04
1.069E+04
1.033E+15
2.

0O0OE+02 3.000E+02 1.000E+03
AAAAAAA ARAAAAAAA AAAARAAAA
216E-04 0.000E+00 0.000E+00
.624E-07 0.000E+00 0O.0O0OOE+00
.624E-12 0.000E+00 0.000E+00
.876E-13 0.000E+00 0.00OE+00
.219E-04 0.000E+00 0.00O0OE+00
-519E-07 0.000E+00 0.00OE+00
.716E-03 0.000E+00 O.000E+00
.776E-12 0.000E+00 0.00OE+00
.653E-04 0.000E+00 0.00OE+00
.170E-08 0.000E+00 0.00OE+00
047E-10 0.00OE+00 0.00OE+00
.527E-10 0.000E+00 0.00OE+00
.362E-13 0.000E+00 0.00OE+00
.654E-04 0.000E+00 0.00OE+00
.339E-03 0.000E+00 0.000E+00
.879E-10 0.000E+00 0.000OE+00
.352E-13 0.000E+00 0.000OE+00
.744E-12 0.000E+00 0O.0O0OE+00
.339E-03 0.000E+00 0.000E+00
.000E+00 0.000E+00 0.000E+00
043E-05 0.000E+00 0.000E+00
TRLRRED RRRnnnnny rnneennnl
3.000E+02 1.000E+03
AAAARAAAA  AAAAAAAAA
*3.431E+12 *3.431E+12
*1.132E+15 *1.132E+15
*8.704E+13 *8.704E+13
*1.712E+13 *1.712E+13
*6.214E+10 *6.214E+10
*1.033E+15 *1.033E+15
*1_.365E+14 *1_.365E+14



1RESRAD, Version 6.3 T« Limit = 180 days 01/30/2007 15:00 Page 25
Summary : CAU 476 File: CAU 476.RAD

Summed Dose/Source Ratios DSR(i,t) in (mrem/yr)/(pCi/g)
and Single Radionuclide Soil Guidelines G(i,t) in pCi/g
at tmin = time of minimum single radionuclide soil guideline
and at tmax = time of maximum total dose = 0.000E+00 years

ONuclide Initial tmin DSR(i,tmin) G(i,tmin) DSR(i,tmax) G(i,tmax)
D eCi/g) o (yearsy o0 (pCi/g) o (pCi/g)
AAAAAAA AAAAAAAAA  AAAAAAAAAAAAAAAA  AAAAAAAAA  AAAAAAAAA  AAAAAAAAA  AAAAAAAAA
Am-241 2.800E+00 0.000E+00 8.736E-03 2.862E+03 8.736E-03 2.862E+03
Co-60  1.760E+00 0.000E+00 3.825E-01 6.536E+01 3.825E-01 6.536E+01
Cs-137 3.820E+02 0.000E+00 9.085E-02 2.752E+02 9.085E-02 2.752E+02
Pu-238 1.030E+00 0.000E+00 6.546E-03 3.819E+03 6.546E-03 3.819E+03
Pu-239 9.600E+00 0.000E+00 7.220E-03 3.462E+03 7.220E-03 3.462E+03
Sb-125 3.000E+00 0.000E+00 2_.543E-02 9.833E+02 2.543E-02 9.833E+02
Sr-90 1.300E+01 0.000E+00 8_000E-04 3.125E+04 8.000E-04 3.125E+04

Uncontrolled When Printed



1RESRAD,

Summary :

ONuclide
AAAAAAA
Am-241

ONp-237

0U-233

0Th-229
0Co-60
0Cs-137

OPu-238
Pu-238
Pu-238

0U-234

0Th-230

ORa-226

0Pb-210

OPu-239

0U-235

OPa-231

0Ac-227

0Sb-125

Version 6.3
CAU 476

Parent  THF(i)

)

AAAAAAA AAAAAAAAA
Am-241 1.000E+00
Am-241 1.000E+00
Am-241 1.000E+00
Am-241 1.000E+00
Co-60 1.000E+00
Cs-137 1.000E+00
Pu-238 1.840E-09
Pu-238 1.000E+00
aDOSE(J)

Pu-238 1.000E+00
Pu-238 1.000E+00
Pu-238 1.000E+00
Pu-238 1.000E+00
Pu-239 1.000E+00
Pu-239 1.000E+00
Pu-239 1.000E+00
Pu-239 1.000E+00
Sb-125 1.000E+00
Sr-90 1.000E+00

T« Limit = 180 days

t= 0.000E+00

AAAAAAAAA
.446E-02
.851E-08
-155E-15
.121E-18
.732E-01
.470E+01
.241E-11
.742E-03
.742E-03
.462E-09
.785E-14
.337E-16
.539E-20
-932E-02
.148E-10
.972E-16
.770E-17
.628E-02

PNWORORRREPNOORWOIRREN

01/30/2007 15:00 Page 26
File: CAU 476.RAD

Individual Nuclide Dose Summed Over All Pathways
Parent Nuclide and Branch Fraction Indicated

DOSE(jJ,t), mrem/yr

1.000E+00 5.000E+00 1.000E+01 1.300E+01 1.500E+01

AAAARAAAA AAARAAAAA AAAAAAARA AAAAAAAAA AAAAAAAAA
2.380E-02 2.132E-02 1.857E-02 1.709E-02 1.616E-02
5.481E-08 1.895E-07 3.359E-07 4.130E-07 4.604E-07
7.970E-15 9.688E-14 3.234E-13 5.073E-13 6.458E-13
1.664E-17 7.103E-16 4.626E-15 9.473E-15 1.399E-14
5.878E-01 3.417E-01 1.733E-01 1.152E-01 8.777E-02
3.380E+01 3.042E+01 2.664E+01 2.460E+01 2.332E+01
1.222E-11 1.152E-11 1.068E-11 1.020E-11 9.884E-12
6.643E-03 6.258E-03 5.802E-03 5.541E-03 5.372E-03
6.643E-03 6.258E-03 5.802E-03 5.541E-03 5.372E-03
7.288E-09 2.519E-08 4.461E-08 5.478E-08 6.099E-08
1.236E-13 1.532E-12 5.241E-12 8.341E-12 1.072E-11
1.990E-15 8.586E-14 5.666E-13 1.169E-12 1.735E-12
4.696E-19 6.570E-17 7.880E-16 2.035E-15 3.407E-15
6.884E-02 6.692E-02 6.453E-02 6.310E-02 6.215E-02
3.423E-10 1.224E-09 2.261E-09 2.850E-09 3.229E-09
6.220E-15 7.731E-14 2.654E-13 4.234E-13 5.451E-13
5.551E-16 2.280E-14 1.416E-13 2.819E-13 4.087E-13
6.900E-03 4.607E-07 2.778E-12 2.050E-15 1.674E-17
9.988E-03 8.495E-03 6.934E-03 6.136E-03 5.655E-03

3.

O0OE+01

AAAARAAAA

.059E-02
.251E-07
-914E-12
.842E-14
.133E-02
.553E+01
.778E-12
.227E-03
.227E-03
.452E-08
.408E-11
.137E-11
.859E-14
.503E-02
.733E-09
. 756E-12
.265E-12
-000E+00

1.000E+02
AAAARAAAA
1.181E-03
7.347E-07
4 .548E-12
1.085E-12
6.194E-07
1.801E+00
1.829E-12
9.942E-04
9.942E-04
7.385E-08
1.079E-10
1.573E-10
9.642E-13
2.245E-02
9.484E-09
6.098E-12
1.674E-11
0.000E+00
1.

3.000E+02
AAAARAAAA
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.

1.000E+03
AAAARAAAA
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.

THF(i) is the thread fraction of the parent nuclide.

Uncontrolled When Printed



1RESRAD,

Summary :

ONuclide
AAAAAAA
Am-241

ONp-237

0U-233

0Th-229
0Co-60
0Cs-137

OPu-238
Pu-238
Pu-238

0U-234

0Th-230

ORa-226

0Pb-210

OPu-239

0U-235

OPa-231

0Ac-227

0Sb-125

Version 6.3

CAU 476
Parent  THF(i)
(D
AAAAAAA AAAAAAAAA
Am-241 1.000E+00
Am-241 1.000E+00
Am-241 1.000E+00
Am-241 1.000E+00
Co-60 1.000E+00
Cs-137 1.000E+00
Pu-238 1.840E-09
Pu-238 1.000E+00
asg):
Pu-238 1.000E+00
Pu-238 1.000E+00
Pu-238 1.000E+00
Pu-238 1.000E+00
Pu-239 1.000E+00
Pu-239 1.000E+00
Pu-239 1.000E+00
Pu-239 1.000E+00
Sb-125 1.000E+00
Sr-90 1.000E+00

Irnnnni
THF(i) is the thread fraction of the parent nuclide.
= 4_.23 seconds

ORESCALC.EXE execution time

t= 0.000E+00

AAAAAAAAA
.800E+00
.000E+00
-000E+00
-000E+00
. 760E+00
.820E+02
.895E-09
-030E+00
-030E+00
.000E+00
.000E+00
-000E+00
-000E+00
.600E+00
-000E+00
-000E+00
-000E+00
.000E+00

H(A)OOO@OOOOI—‘HD—‘(.DHOOON

T« Limit = 180 days

Individual

Parent

1.000E+00
AAAARAAAA
2.740E+00
8.964E-07
1.962E-12
6.193E-17
1.543E+00
3.732E+02
1.880E-09
1.022E+00
1.022E+00
2.896E-06
1.307E-11
1.887E-15
1.458E-17
9.598E+00
9.415E-09
9.948E-14
1.043E-15
2.720E-01

01/30/2007 15:00 Page 27
File: CAU 476.RAD

Nuclide Soil Concentration

Nuclide and Branch Fraction Indicated

5.000E+00
AAAARAAAA
2_.512E+00
4 .280E-06
4_.706E-11
7.503E-15
9.101E-01
3.402E+02
1.820E-09
9.891E-01
9.891E-01
1.402E-05
3.198E-10
2.307E-13
8.705E-15
9.589E+00
4 _.630E-08
2.433E-12
1.219E-13
1.838E-05

1.000E+01
AAAARAAAA
2.253E+00
8.086E-06
1.788E-10
5.774E-14
4.706E-01
3.029E+02
1.748E-09
9.498E-01
9.498E-01
2.693E-05
1.245E-09
1.795E-12
1.316E-13
9.578E+00
9.072E-08
9.471E-12
8.983E-13
1.126E-10
8.

(.o,
1.300E+01
AAAARAAAA
2.111E+00
1.016E-05
2.930E-10
1.240E-13
3.168E-01
2.826E+02
1.706E-09
9.270E-01
9.270E-01
3.417E-05
2.071E-09
3.877E-12
3.634E-13
9.571E+00
1.165E-07
1.575E-11
1.880E-12
8.394E-14
8.

pCi/g

1.500E+01
ARAAAAAAA
2.022E+00
1.147E-05
3.821E-10
1.875E-13
2.433E-01
2.698E+02
1.678E-09
9.121E-01
9.121E-01
3.879E-05
2.728E-09
5.890E-12
6.299E-13
9.567E+00
1.333E-07
2.074E-11
2.797E-12
6.900E-16
7.

3.000E+01
AAAAAAAAA
1.460E+00
1.948E-05
1.314E-09
1.339E-12
3.364E-02
1.905E+02
1.486E-09
8.077E-01
8.077E-01
6.871E-05
1.007E-08
4_335E-11
8.548E-12
9.533E+00
2.509E-07
7.650E-11
1.777E-11
1.587E-31
4.

1.000E+02
AAAARAAAA
3.193E-01
3.333E-05
7.572E-09
3.040E-11
3.287E-06
3.757E+01
8.428E-10
4_581E-01
4.581E-01
1.299E-04
7.801E-08
1.096E-09
5.191E-10
9.380E+00
6.398E-07
5.888E-10
2.656E-10
0.000E+00
3

3.000E+02
AAAARAAAA
4 .150E-03
2.800E-05
1.491E-08
2.668E-10
1.147E-17
3.633E-01
1.667E-10
9.060E-02
9.060E-02
7.718E-05
2.791E-07
1.063E-08
8.027E-09
8.955E+00
1.016E-06
2.058E-09
1.199E-09
0.000E+00
1

1.000E+03
AAAARAAAA
1.040E-09
9.310E-06
6.234E-09
9.286E-10
0.000E+00
3.231E-08
5.735E-13
3.117E-04
3.117E-04
8.884E-07
3.950E-07
2.701E-08
2.380E-08
7.614E+00
9.539E-07
2.554E-09
1.571E-09
0.000E+00
8.

Uncontrolled When Printed



Appendix E

Closure Summary

Uncontrolled When Printed



CAU 476 CADD/CR
Appendix E
Revigion: 0

Date: May 2007
Page E-1 of E-3

E.1.0 Closure Summary

A land use restriction will be applied as part of the closure in place alternative for
CAU 476. This use restriction will also cover CAU 559 as stated in the CAU 559
CADD/CR. The use restrictions will be applied to control use and limit access to the
sites to prevent inadvertent exposure to the radionuclide contaminated soil identified in
the muckpile (CAS 12-06-02) and the TPH-DRO contaminated soil found on the
Compressor/Blower Pad (CAS 12-25-13). The completed land use restriction form and
map are included in this appendix.

The following warning sign will appear on or adjacent to the T-Tunnel gate which
controls access to CAU 476, CAU 478, CAU 559, and CAU 309:

WARNING

Radiologically Contaminated Areas
Beyond This Point

FFACO Sites

CAU 476, Area 12, T-Tunnel Sites
CAS 12-06-02, Muckpile

CAU 559, T-Tunnel Compressor/Blower Pad
CAS 12-25-13, Qil Stained Soil and Concrete

CAU 478, Area 12, T-Tunnel Ponds
CAS 12-23-01, Ponds [5], RAD Area

CAU 309, Area 12, Muckpiles
CAS 12-06-09, Muckpile
CAS 12-08-02, Contaminated Waste Dumps
CAS 12-28-01, |, J, and K-Tunnel Debris

Access to this area is not permitted without
U.S. Government permission

Before working in this area,
Contact Real Estate Services at 295-2528

This site can be closed without further corrective action.

Uncontrolled When Printed



CAU Use Restriction Information

CAU Number/Description: 476/Area 12 T-Tunnel Sites, 559/T-Tunnel Compressor/Blower Pad

Applicable CAS Numbers/Descriptions: 12-06-02/Muckpile, 12-25-13/0il Stained Soil and
Concrete

Contact (organization/project: DTRA/Environmental Restoration

Surveyed Area (UTM, Zone 11, NAD 27, meters): See Attached Figure
NE Comer  4119.052.4 N 5742764 E
N Center 41190516 N 574.063.1 E
NW Comer 41189594 N 573.850.1 E
SWComer 41188376N 5738505E
SEComer 4118839.1 N 5742771E

Survey Date: 7/10/2005 Survey Method (GPS, etc): GPS

Site Monitoring Requirements: Certify that posting is in place, in tact, and readable

Required Frequency (quarterly, annually?): _Annually
If Monitoring Has Started, Indicate last Completion Date:

Use Restrictions

The future use of any land related to this Corrective Action Unit (CAU), as described by
the above surveyed location, is restricted from any DOE or Air Force activity that may
alter or modify the containment control as approved by the state and identified in the
CAU Closure Report or other CAU documentation unless appropriate concurrence is
obtained in advance.

Comments: _See the Closure Report for additional information on the condition of the site(s).
Results of the annual inspection will be provided in the annual Post Closure Inspection
Monitoring Report.

/s/ Signature on file

Submitted By: __ Date: __ 5 / 3/ o7

cc with copy of survey map (paper and digital (dgn) formats):
CAU Files (2 copies)
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CAU 476 CADD/CR
Appendix E
Revision: 0

Date: May 2007
Page E-3 of E-3

Figure E.1-1
CAU 476 Area 12 T-Tunnel Sites
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LIBRARY DISTRIBUTION LIST

U.S. Department of Energy

National Nuclear Security Administration
Nevada Site Office

Technical Library

P.O. Box 98518, M/S 505

Las Vegas, NV 89193-8518

U.S. Department of Energy

Office of Scientific and Technical Information
P.O. Box 62

Oak Ridge, TN 37831-0062

Southern Nevada Public Reading Facility
c/o Nuclear Testing Archive

P.O. Box 98521, M/S 400

Las Vegas, NV 89193-8521

Manager, Northern Nevada FFACO
Public Reading Facility

c/o Nevada State Library & Archives
Carson City, NV 89701-4285
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